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CLOSURE ELEMENT FOR USE WITH ANNULOPLASTY STRUCTURE

CROSS-REFERENCES TO RELATED APPLICATIONS

The present patent application claims the priority from and is a continuation-in-

part of:

5 US Patent Application 13/167.444 to Reich et al., entitled, "Partially-adjustable
annuloplasty structure,” filed June 23, 2011, which is a continuation-in-part of US Patent
Application 12/341,960 to Cabir, filed December 22, 2008 (published as US
2010/0161047);

US Patent Application 13/167,476 to Hammer et al., entitled, "Closure element for
10 use with annuloplasty structure,” filed June 23, 2011; and

US Patent Application 13/167,492 to Gross, et al., entitled, "Closed band for
percutaneous annuloplasty,” filed June 23, 2011.

All of these applications are incorporated herein by reference.

FIELD OF THE INVENTION

15 Some embodiments of the present invention relate in general to valve repair, and

more specifically to repair of an atrioventricular valve of a patient.

BACKGROUND

Ischemic heart disease causes mitral regurgitation by the combination of ischemic
dysfunction of the papillary muscles, and the dilatation of the left ventricle that is present
20  in ischemic heart disease, with the subsequent displacement of the papillary muscles and

the dilatation of the mitral valve annulus.

Dilation of the annulus of the mitral valve prevents the valve leaflets from fully
coapting when the valve is closed. Mitral regurgitation of blood from the left ventricle
into the left atrium results in increased total stroke volume and decreased cardiac output,

25 and ultimate weakening of the left ventricle secondary to a volume overload and a

pressure overload of the left atrium.



10

15

20

25

30

WO 2012/176195 PCT/IL2012/000250

SUMMARY

In some applications of the present invention, apparatus is provided that comprises
an implant structure comprising a flexible sleeve having a first and second sleeve end, a
lumen, and at least one opening at a first end of the implant structure (i.e., one of the first
and second sleeve ends). The implant structure additionally comprises a closure element
(e.g., a closure mechanism) configured to close the at least one opening at the first end of
the implant structure. The implant structure comprises a contracting assembly configured
to longitudinally contract and expand the implant structure at least in part. For some
applications, the closure mechanism comprises at least one end flap, and the contracting
mechanism is configured to actuate the end flap so as to cover the at least one opening.
For other applications, the closure mechanism comprises self-closing strips which are
biased to close around the portion of the implant structure that defines the at least one
opening. For some applications, the closure mechanism is configured to compress {e.g.,
by gathering together) excess portions of the sleeve which do not need to be anchored to

tissue of a patient.

Typically, the implant structure comprises at least part of an annuloplasty structure
(e.g., a partial annuloplasty ring) for repairing a dilated valve annulus of a native
atrioventricular valve, such as a mitral or tricuspid valve, of a patient. Typically, the one
or more flexible, longitudinal contracting members (e.g., a wire, string, or suture) are

coupled to the sleeve by being threaded one or more times through the sleeve.

In some applications of the present invention, the contracting assembly includes
one or more longitudinal contracting members coupled to the contracting mechanism.
Typically, the implantable structure is placed completely around the annulus, such that
none of the one or more longitudinal contracting members is positioned along an anterior
portion of the annulus between fibrous trigones of the valve. The implantable structure is
fastened to the annulus. The contracting assembly is then actuated to contract a
longitudinal portion of the sleeve not positioned along the anterior portion of the annulus.
Tightening of the implantable structure therefore tightens at least a portion of the posterior
portion of the annulus, while preserving the length of the anterior portion of the annulus.
(The anterior portion of the annulus should generally not be contracted because its tissue
is part of the skeleton of the heart.) However, the portion of the sleeve deployed along the
anterior portion of the annulus prevents dilation of the anterior annulus, because the

sleeve is anchored at both ends of the anterior annulus, and the sleeve typically comprises

2
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a longitudinally non-extensible material. This deployment configuration may help
prevent long-term resizing of annulus, especially the anterior annulus, which sometimes

occurs after implantation of partial annuloplasty rings, such as C-bands.

The contracting assembly is configured to longitudinally contract the sleeve, and
comprises a coniracting mechanism and a longitudinal contracting member having first
and second member ends. Typically, the contracting mechanism is disposed
longitudinally at a first site of the sleeve, and the second member end is coupled to the
sleeve (e.g., by being directly coupled or by being coupled to an element coupled to the
sleeve) longitudinally at a second site longitudinally between the first site and the second
sleeve end, exclusive. The contracting member also has a first member end portion,
which extends from the first member end toward the second member end along only a
longitudinal portion of the contracting member, and is coupled to the contracting
mechanism. A first portion of the sleeve longitudinally extends from the first sleeve end
toward the first site, and a second portion of the sleeve longitudinally extends from the
second sleeve end toward the second site. The implantable structure is configured such
that the contracting assembly applies a longitudinal contracting force only between the

first and the second sites.

In some applications of the present invention, one or more of the tissue anchors are
coupled to the sleeve at respective third sites longitudinally between the second site and
the second sleeve end, exclusive. Typically, the implantable structure is configured such
that the contracting assembly applies a longitudinal contracting force only between the
first and the second sites. The longitudinal contracting force contracts at least a portion of
the sleeve only between the first and the second sites. Providing the one or more anchors
beyond the ends of the contracting member generally distributes force applied by
contraction of the contracting assembly over the tissue interfaces of these anchors. In
contrast, in some configurations of the implantable structure in which anchors are not
provided beyond the ends of the contracting member, the force applied by the contracting
assembly is applied predominantly to the single anchor nearest the first end of the
contracting member, and the single anchor nearest the second end of the contracting

member.

For some applications, at least two of the tissue anchors are coupled to the sleeve
at respective third sites longitudinally between the second member end and the second

sleeve end, exclusive. For some applications, the second site is at least 5 mm from the
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second sleeve end, measured when the sleeve is in a straight, relaxed, non-contracted
state, such as at least 9 mm, e.g., at least 18 mm. For some applications, the second site is
at a longitudinal distance from the second sleeve end, which distance is no greater than
30% of a total length of the sleeve, the distance and length measured when the sleeve is in
the straight, relaxed, non-contracted state. For some applications, at least three of the
tissue anchors are coupled to the sleeve alongside the contracting member, longitudinally
between the first and second sites, exclusive. Typically, the sleeve is substantially

longitudinally non-extensible.

For some applications, the sleeve has first and second sleeve ends, and first and
second portions that longitudinally extend from the first and the second sleeve ends,
respectively. The sleeve is arranged in a closed loop, such that the first and second
portions of the sleeve together define a longitudinally overlapping portion of the sleeve
positioned at least partially along the anterior portion of the annulus, and none of the one
or more longitudinal contracting members is positioned along the overlapping portion of
the sleeve. For some applications, at least one of the tissue anchors penetrates both the
first and second portions of the sleeve at the overlapping portion. Such a mutual anchor
helps ensure that the first and second portions remain tightly coupled together and to the
tissue, so that the sleeve retains its closed loop shape. Alternatively, for some
applications, the sleeve is shaped so as to define an integrally closed loop having no
sleeve ends. For such applications in which the sleeve is shaped so as to define a closed
loop and/or has the overlapping portion, the implantable structure is configured such that
the contracting assembly applies a longitudinal contracting force only between the first
and the second sites, and not along the overlapping portion. The longitudinal contracting
force longitudinally contracts at least a portion of the sleeve only between the first and the
second sites, and not along the overlapping portion. Typically, the contracting member

extends along neither the first nor the second portion of the sleeve.

The implantable structure, when in this closed-loop configuration, is deployed
around the entire annulus of the native valve, including an anterior portion of the annulus
(on the aortic side of the valve) between the fibrous trigones. Typically, the contracting
member does not extend along the portion of the sleeve deployed along the anterior
portion of the annulus, and thus does not extend along the first portion, the second
portion, or the overlapping portion of the sleeve. The portion of the sleeve deployed

along the anterior portion of the annulus (between the trigones) is thus non-contractible.
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As mentioned above, tightening of the implantable structure therefore tightens the
posterior portion of the annulus, while preserving the length of the anterior portion of the
annulus. For some applications, this deployment configuration may also help achieve a

closed loop that serves as a base ring to which a prosthetic valve is coupled.

In some applications of the present invention, the implantable structure further
comprises an elongated linking member, which is positioned along an anterior portion of
the annulus, so as to join the ends of the implantable structure in a complete loop. Over
time after implantation, the linking member becomes fixed to the anterior portion of the
annulus, thereby helping prevent long-term dilation of the anterior annulus. Typically, at
least a portion of the linking member is disposed within and covered by the sleeve, into
and/or over which fibrous tissue grows over time, helping anchor the linking member to
tissue of the anterior anpulus. Typically, in this configuration of the implantable

structure, none of the anchors is coupled to the anterior portion of the annulus.

A first end of the linking member is typically fixed between 2 and 6 cm from a
first end of the sleeve. A second end of the linking member is positioned within 1.5 cm of
the same end of the sleeve, either protruding from the end of the sleeve, or recessed within
the sleeve. The second end of the linking member comprises (e.g., is shaped so as to
define) a first coupling element. The implantable structure further comprises a second
coupling element, which is configured to be coupleable to the first coupling element. The
second coupling element is coupled to the implantable structure within 1.5 cm of the
second end of the sleeve. The second coupling element may be coupled to the housing,
directly to the sleeve, or otherwise coupled to the implantable structure. Typically, the

linking member is substantially longitudinally non-extensible, i.e., its length is fixed.

For some applications, the linking member is configured as a spring, which is
typically curved, so as to be elastic in a radial direction, i.e., to be compressible like a bow
or deflected beam. In these applications, the linking member is oriented such that it is
pressed by elasticity against the anterior portion of the mitral annulus, i.e., the outer wall
of the aorta, thereby holding the sleeve covering the linking member against the aortic
wall. For some applications, at least two of the tissue anchors are coupled to the sleeve at
respective, different longitudinal sites alongside the linking member, within 6 cm of the
first end of the linking member. These tissue anchors may help set the proper direction of

curvature of the linking member, for applications in which the linking member is curved.
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As described hereinabove, the contracting member is coupled at the first member
end portion thereof to the contracting mechanism. For applications in which the closure
mechanism comprises the end flap, a second member end portion of the contracting
member is coupled to the end flap. When the contracting mechanism is actuated in a first
actuation direction, the coniracting mechanism pulls on the contracting member which, in
turn, pulls on the end flap, thereby covering the opening at least in part. One or more
contraction-restricting elements are coupled to the implant structure and/or to the
coniracting member. The one or more contraction-restricting elements are configured to
restrict contraction of at least a first portion of the mmplant structure beyond a
predetermined amount while the contraction of the remaining portion(s) of the implant

structure is ongoing.

For some applications, the contracting mechanism comprises a rotatable structure,
and a housing in which the rotatable structure is positioned. The contracting mechanism
and the longitudinal contracting member are arranged such that rotation of the rotatable
structure contracts the implant structure and/or adjusts a perimeter of the implant
structure. Typically, an anchor deployment manipulator is advanced into a lumen of the
sleeve, and, from within the lamen, deploys the anchors through a wall of the sleeve and
into cardiac tissue, thereby anchoring the sleeve around a portion of a valve annulus. The

anchor deployment manipulator is typically deflectable.

In some applications of the present invention, the anchor deployment manipulator
comprises a steerable tube in which is positioned an anchor driver having an elongated,
flexible shaft. Rotation of the anchor driver screws the anchors into the cardiac tissue.
The anchors may, for example, be helical in shape. For some applications, one or more
stiffening elements, e.g., wires or sutures, are threaded through one or more portions of
the sleeve in order to maintain relative positioning of the anchor driver relative to the

implant structure during deflection of the anchor driver within the sleeve.

A rotation tool is provided for rotating the rotatable structure. The tool is
configured to be guided along (e.g., over, alongside, or through) the longitudinal guide
member, to engage the rotatable structure, and to rotate the rotatable structure in response

to a rotational force applied to the tool.

For some applications, the implantable structure comprises an adjustable

annuloplasty ring structure for repairing a dilated valve annulus of an atrioventricular
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valve, such as a mitral valve. The annuloplasty ring structure may be used for treating
functional mitral regurgitation (FMR) or degenerative mitral valve disease. For other
applications, a prosthetic heart valve is further provided, which is configured to be

coupled to the sleeve.

For some applications in which the implantable structure is implanted around the
annulus of a valve, the implantable structure may be advanced toward the annulus of a
valve in any suitable procedure, e.g., a transluminal or transcatheter procedure, a

percutaneous procedure, a minimally invasive procedure, or an open heart procedure.

For some applications, the annuloplasty ring is typically configured to be placed
only partially around the valve annulus (e.g., to assume a C-shape), and, once anchored in
place, to be contracted so as to circumferentially tighten the valve annulus. To this end,
the annuloplasty ring comprises the flexible contracting member. For some applications
of the present invention, the implant structure comprises one or more contraction-
restricting elements configured to restrict contraction of at least a portion of the implant

structure. Thus, the implant structure is partially-contractible.

Typically, a first anchor is deployed at or in a vicinity of a first trigone of the
valve, and a second anchor is deployed at or in a vicinity of a second trigone. For valves
which are particularly distended, the implant structure is anchored to the first trigone at a
first free end thereof and is anchored to the second trigone at a second free end thereof.
For applications in which the implant structure is implanted along an annulus of a mitral
valve, the body portion of the implant structure extends from the first trigone and toward
and along a portion of the annulus that is adjacent to the posterolateral leaflet. For such
an application, the contraction-restricted portion is disposed along the annulus and
therefore, a portion of the implant structure is contracted (i.e., a contraction-facilitated
portion), thereby contracting a portion of the annulus that is between the first and second
trigones and adjacent to the posterolateral leaflet and, thereby, reducing a perimeter of the

valve annulus and drawing the leaflets together.

For other applications, the second free end is not anchored to the trigone, but is
instead anchored to a portion of the atrial wall (e.g., a portion of the interatrial septum or a
portion of a free wall) of the heart of the patient while the first free end or a first portion
of the implant structure adjacent the first free end is anchored to the first trigone. For

some applications, the entite contraction-restricted portion is attached to the portion of the
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atrial wall and the contraction-facilitated portion is disposed between the first and second
trigones and runs along the portion of the annulus that is adjacent to the posterolateral
leaflet. For such applications in which the implant structure is implanted at the mitral
valve, the entire portion of the annulus that is between the first and second trigones and
adjacent the posterolateral leaflet is contracted, thereby reducing a perimeter of the valve

annulus and drawing the leaflets together.

For some applications, the contracting mechanism comprises a spool to which a
first end of the contracting member is coupled. Rotation of the spool winds a portion of
the contracting member around the spool, thereby contracting the implant structure. For
some applications, the contracting mechanism comprises a housing that houses the spool,
and the rotation tool is configured to engage and rotate the spool with respect to the
housing. For some applications, the rotation tool comprises a tube, which is configured to
be passed over the longitudinal member coupled to the contracting mechanism, and to
engage the housing, such that the housing is held rotationally stationary when the tube is

held rotationally stationary.

For some application in which the implant structure comprises an annuloplasty
ring structure, all of the tools and elements of the annuloplasty system that are introduced
into left atrium are contained within the sieeve of the annuloplasty ring structure, which
reduces the risk that any elements of the system will accidentally be released to the blood
circulation, or damage surrounding tissue. In addition, the lumen of the sleeve provides
guidance if it should be necessary to return to a previously deployed anchor, such as to
tighten, loosen, remove, or relocate the anchor. For some applications, the anchors

comprise helical screws, which facilitate such adjusting or removing.

There is therefore provided, in accordance with some applications of the present
invention, apparatus including an implantable structure, including:
a flexible sleeve, having first and second sleeve ends;
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which includes:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site,

which is longitudinally between the first site and the second sleeve end, exclusive,
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and (c) a first member end portion, which (i) extends from the first member end
toward the second member end along only a longitudinal portion of the contracting
member, and (ii) is coupled to the contracting mechanism; and
a force-distributing element configured to be coupled to the sleeve in a vicinity of
5 the second sleeve end, the force-distributing element is configured to distribute a
contraction force by the confracting member between the second member end and the

second sleeve end.

In some applications of the present invention, the apparatus includes a first anchor

couplable to the sleeve at a third site longitudinally between the second member end and

10 the second sleeve end; and a second anchor couplable to the sleeve in a vicinity of the
second site, the force-distributing element is configured to distribute a contraction force

between the first and second anchors.

In some applications of the present invention, the force-distributing element

includes an element that is longitudinally non-compressible.

15 In some applications of the present invention, the force-distributing element

includes a coiled element having a plurality of longitudinally-non-compressible coils.

In some applications of the present invention, the force-distributing element is
advanceable within the sleeve through an opening at the second sleeve end, and the force-
distributing element is shaped so as to define one or more protrusions to engage and

20  couple the force-distributing element to the sleeve.

In some applications of the present invention, the apparatus includes a plurality of
tissue anchors, one or more of which are coupled to the sleeve at respective third sites

longitudinally between the second site and the second sleeve end, exclusive.

In some applications of the present invention, the apparatus includes a plurality of
25  tissue anchors, one or more of which are coupled to the sleeve at respective third sites

longitudinally between the second member end and the second sleeve end, exclusive.

In some applications of the present invention, the apparatus includes: second-
sleeve-end coupling element couplable to the second sleeve end; and an approximating
element coupled at a first end portion thereof to the second-sleeve-end coupling element,

30 and at a second end portion of the approximating element to the force-distributing

element, the approximating element being configured to change a spatial orientation of at
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least a portion of a portion of the sleeve that is between the force-distributing element and

the second sleeve end.

In some applications of the present invention, the approximating includes a screw
shaft, the approximating element is shaped so as to define screw thread for receiving the
5 screw shaft, and the approximating element is configured to shorten the at least the

portion of the sleeve between the force-distributing element and the second sleeve end.

In some applications of the present invention, the force-distributing element is

shaped so as to define the screw thread.

In some applications of the present invention, the approximating element includes
10 a spring, and the approximating element is configured to shorten the at least the portion of

the sleeve between the force-distributing element and the second sleeve end.

In some applications of the present invention, the spring has a tendency to
compress in order to compress the portion of the sleeve between the force-distributing

element and the second sleeve end.

15 In some applications of the present invention, the approximating element includes
an elongate deflectable structural element coupled to the sleeve at the at least the portion,
the elongate deflectable structural element having a shape-memory element so as {o

facilitate deflecting of the at least the portion.

In some applications of the present invention, the flexible sleeve is configured to
20  provide an opening at at least the second sleeve end, and the second-sleeve-end coupling

element includes a closure element configured to close the opening.

In some applications of the present invention, the closure element includes a plug.

There is additionally provided, in accordance with some applications of the
present invention apparatus including an implantable structure, which includes:
25 a flexible sleeve, having first and second sleeve ends;
a second-sleeve-end coupling element couplabie to the second sleeve end;
a structural, reference-force component coupled to the sleeve at a portion of the
sleeve that is between the first and second sleeve ends; and
an approximating element coupled at a first end portion thereof to the second-
30  sleeve-end coupling element, and at a second end portion of the approximating element to

the structural, reference-force component, the approximating element being configured to

10
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change a spatial orientation of at least a portion of a portion of the sleeve that is between

the structural, reference-force component and the second sleeve end.

In some applications of the present invention, the structural, reference-force
component includes a force-distributing element configured to distribute a contraction
force by the contracting member between the second member end and the second sleeve

end.

There is further additionally provided, in accordance with some applications of the
present invention, apparatus including an implantable structure, including:

a flexible sleeve, having first and second sleeve ends;

a contracting assembly, which is configured to longitudinally contract the sleeve,
and which includes:

a contracting mechanism, which is disposed at a first site of the sleeve; and

a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i) extends from
the first member end toward the second member end along only a longitudinal
portion of the contracting member, and (ii) is coupled to the contracting
mechanism;

a contracting-member-receiving element coupled to the sleeve between the first
site and the second sleeve end, exclusive, the contracting member being slidable with
respect to the contracting-member-receiving element; and

a stopper coupled to the second member end, the stopper being advanceable
toward the contracting-member-receiving element during contraction of the sleeve by the

contracting mechanism.

In some applications of the present invention, the contracting member slides

within a portion of the contracting-member-receiving element.

In some applications of the present invention, the contracting-member-receiving
element includes a coupler to engage the stopper to the contracting-member-receiving

element.

In some applications of the present invention:
the sleeve defines a contracting-assembly-contraction-facilitated portion between

the first sleeve end and the contracting-member-receiving element, the contracting-

11
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assembly-contraction-facilitated portion being contractible and expandable by the
contracting assembly; and
the sleeve defines a contracting-assembly-non-contraction-facilitated portion

between the contracting-member-receiving element and the second sleeve end.

5 In some applications of the present invention, the apparatus includes an elongate
deflectable structural element coupled to the sleeve at the contracting-assembly-non-
contraction-facilitated portion, the elongate deflectable structural element having a shape-
memory element so as to facilitate deflecting of the contracting-assembly-non-

contraction-facilitated portion.

10 There is also provided, in accordance with some applications of the present
invention, apparatus including an implantable structure, which includes:
a flexible sleeve, having first and second sleeve ends, the sleeve defining:
an anchor-coupling region between the first sleeve end and a vicinity of the
sleeve between the first and second sleeve ends, exclusive of the second sleeve
15 end, and
a deflectable region between the second sleeve end, and a vicinity of the
sleeve between the first and second sleeve ends, exclusive of the first sleeve end;
and
an elongate deflectable structural element coupled to the sleeve at the deflectable
20 region, the elongate deflectable structural element having a shape-memory element so as

to facilitate deflecting of the deflectable region of the sleeve.

There is further provided, in accordance with some applications of the present
invention, apparatus including an implantable structure, including:
a flexible sleeve, having first and second sleeve ends;
25 a contracting assembly, which is configured to longitudinally contract the sleeve,
and which includes:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site,
30 which is longitudinally between the first site and the second sleeve end, exclusive,

and (c) a first member end portion, which (i) extends from the first member end
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toward the second member end along only a longitudinal portion of the coniracting
member, and (ii) is coupled to the contracting mechanism; and
a sleeve-shortening element configured to shorten the at least a portion of a portion

of the sleeve between the second site and the second skeeve end.

In some applications of the present invention, contracting mechanism includes a

spool around which at least the first member end portion is wound.

In some applications of the present invention, the sleeve-shortening element
includes a screw shaft, the sleeve-shortening element is shaped so as to define screw
thread for receiving the screw shaft. In some applications of the present invention, the
sleeve-shortening element includes a spring. In some applications of the present
invention, the spring has a tendency to compress in order to compress the portion of the

sleeve between the second site and the second sleeve end.

There is also provided, in accordance with an application of the present invention,
apparatus including an implantable structure, which includes:

a flexible sleeve, having first and second sleeve ends; and

a confracting assembly, which is configured to longitudinally contract the sleeve,
and which includes:

a contracting mechanism, which is disposed at a first site of the
sleeve; and
a longitudinal contracting member, having (a) a first member end,

(b) a second member end, which is coupled to the sleeve longitudinally at

a second site longitudinally between the first site and the second sleeve

end, exclusive, and (c) a first member end portion, which (i) extends from

the first member end toward the second member end along only a

longitudinal portion of the contracting member, and (ii) is coupled to the

contracting mechanism,

a first portion of the sleeve longitudinally extends from the first sleeve end toward
the first site, and a second portion of the sleeve longitudinally extends from the second
sleeve end toward the second site,

the sleeve is arranged in a closed loop, such that the first and second portions of

the sleeve together define a longitudinally overlapping portion of the sleeve, and
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the implantable structure is configured such that the contracting assembly applies a
longitudinal contracting force only between the first and the second sites, and not along

the overlapping portion.

For some applications, the implantable structure further includes a plurality of
tissue anchors, at least one of which penetrates both the first and second portions of the
sleeve ‘at the overlapping portion. For some applications, the at least one of the tissue
anchors includes a coupling head and a tissue coupling element, the tissue coupling
element penetrates both the first and second portions of the sleeve at the overlapping
portion, and the coupling head is positioned within one of the first and second portions of
the sleeve at the overlapping portion. For some applications, the plurality of tissue
anchors includes: (a) a plurality of first tissue anchors of a first configuration, coupled to
the sleeve at intervals along a first longitudinally-contiguous portion of the loop; and (b) a
plurality of second tissue anchors of a second configuration different from the first
configuration, coupled to the sleeve at intervals along a second longitudinally-contiguous
portion of the loop different from the first longitudinally-contiguous portion, which
second longitudinally contiguous portion includes the longitudinally overlapping portion.

‘The first and second tissue anchors are optionally configured as described below.

For some applications, the overlapping portion has a length of between 5 and 60

For some applications, the contracting member does not extend along the first

portion of the sleeve, and does not extend along the second portion of the sleeve.

For some applications, the first site is a first longitudinal distance from the first
sleeve end; the second site is at a second longitudinal distance from the second sleeve end,
which first and second longitudinal distances are measured when the sleeve is in a
straight, relaxed, non-contracted state; and at least one of the first and second longitudinal

distances, taken separately, is at least 18 mm.

For any of the applications described above, the contracting mechanism may
include a housing and a rotatable structure positioned within the housing, which housing
is disposed at the first site of the sleeve, and the rotatable structure and the longitudinal
contracting member may be arranged such that rotation of the rotatable structure

longitudinally contracts the sleeve.
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For any of the applications described above, at least three of the tissue anchors
may be coupled to the sleeve alongside the contracting member, longitudinally between

the first and second sites, exclusive.

For any of the applications described above, the sleeve may be substantially

longitudinally non-extensible.

There is further provided, in accordance with an application of the present
invention, apparatus including an implantable structure, which includes:
a flexible sleeve, having first and second sleeve ends;
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which includes:
a contracting mechanism, which is disposed at a first site of the
sleeve; and
a longitudinal contracting member, having (a) a first member end,
(b) a second member end, which is coupled to the sleeve longitudinally at
a second site, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i)
extends from the first member end toward the second member end along
only a longitudinal portion of the contracting member, and (ii} is coupled
to the contracting mechanism; and
a plurality of tissue anchors, one or more of which are coupled to the sleeve at
respective third sites longitudinally between the second site and the second sleeve end,

exclusive.

For some applications, at least two of the tissue anchors are coupled to the sleeve
at respective third sites longitudinally between the second member end and the second

sleeve end, exclusive.

For some applications, the second site is at least 5 mm from the second sleeve end,
such as at least 9 mm, e.g., at least 18 mm, measured when the sleeve is in a straight,

relaxed, non-contracied state.

For some applications, the second site is at a longitudinal distance from the second
sleeve end, which distance is no greater than 30% of a total length of the sleeve, the
distance and length measured when the sleeve is in the straight, relaxed, non-coniracted

stafe.
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For some applications, a first portion of the sleeve longitudinally extends from the
first sleeve end toward the first site, a second portion of the sleeve longitudinally extends
from the second sleeve end toward the second site, and the sleeve is arranged in a closed
loop, such that the first and second portions of the sleeve together define a longitudinally
overlapping portion of the sleeve. For some applications, at least one of the tissue anchors
penetrates both the first and second portions of the sleeve at the overlapping portion. For
some applications, the at least one of the tissue anchors includes a coupling head and a
tissue coupling element, the tissue coupling element penetrates both the first and second
portions of the sleeve at the overlapping portion, and the coupling head is positioned

within one of the first and second portions of the sleeve at the overlapping portion.

For some applications, the overlapping portion has a length of between 5 and 60
mm. For some applications, the contracting member does not extend along the first

portion of the sleeve, and does not extend along the second portion of the sleeve.

For any of the applications described above, the contracting mechanism may
include a housing and a rotatable structure positioned within the housing, which housing
is disposed at the first site of the sleeve, and the rotatable structure and the longitudinal
contracting member may be arranged such that rotation of the rotatable structure

longitudinally contracts the sleeve.

For any of the applications described above, at least three of the tissue anchors
may be coupled to the sleeve alongside the contracting member, longitudinally between

the first and second sites, exclusive.

For any of the applications described above, the implantable structure may be
configured such that the contracting assembly applies a longitudinal contracting force

only between the first and the second sites.

For any of the applications described above, the sleeve may be substantially

longitudinally non-extensible.

There is still further provided, in accordance with an application of the present
invention, apparatus including an implantable structure, which includes:
a flexible sleeve, having first and second sleeve ends; and
a contracting assembly, which includes:
a contracting mechanism, which is disposed at a first site of the

sleeve; and
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a longitudinal contracting member, having (a) a first member end,
(b) a second member end, which is coupled to the sleeve longitudinally at
a second site, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i)
extends from the first member end toward the second member end along
only a longitudinal portion of the contracting member, and (ii) is coupled
to the contracting mechanism,
the contracting mechanism is configured to apply a longitudinal
contracting force only between the first and the second sites; and
a plurality of tissue anchors, one or more of which are coupled to the sleeve at
respective third sites selected from the group of sites consisting of: one or more sites
longitudinally between the first site and the first sleeve end, exclusive, and one or more

sites longitudinally between the second site and the second sleeve end, exclusive.

For some applications, at least one of the third sites is longitudinally between the
first site and the first sleeve end, exclusive. For some applications, af least two of the

third sites are longitudinally between the first site and the first sleeve end, exclusive.

For some applications, at least one of the third sites is longitudinally between the
second site and the second sleeve end, exclusive. For some applications, at least two of
the third sites are longitudinally between the second site and the second sleeve end,

exclusive,

For some applications, at least one of the third sites is longitudinally between the
first site and the first sleeve end, exclusive, and at least one of the third sites is

longitudinally between the second site and the second sleeve end, exclusive.

For some applications, the first site is a first longitudinal distance from the first
sleeve end; the second site is at a second longitudinal distance from the second sleeve end,
which first and second longitudinal distances are measured when the sleeve is in a
straight, relaxed, non-contracted state; and at least one of the first and second longitudinal
distances, taken separately, is at least 5 mm. For some applications, the first distance is at
least 5 mm. Alternatively or additionally, for some applications, the second distance is at
least 5 mm. For some applications, at least one of the first and second longitudinal

distances, taken separately, is at least 9 mm, such as at least 18 mm.
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For some applications, a first portion of the sleeve longitudinally extends from the
first sleeve end toward the first site, a second portion of the sleeve longitudinally extends
from the second sleeve end toward the second site, and the sleeve is arranged in a closed
loop, such that the first and second portions of the sleeve together define a longitudinally

5 overlapping portion of the sleeve. For some applications, at least one of the tissue anchors
penetrates both the first and second portions of the sleeve at the overlapping portion. For
some applications, the at least one of the tissue anchors includes a coupling head and a
tissue coupling element, the tissue coupling element penetrates both the first and second
portions of the sleeve at the overlapping portion, and the coupling head is positioned

10 within one of the first and second portions of the sleeve at the overlapping portion.

For some applications, the overlapping portion has a length of between 5 and 60
mm. For some applications, the contracting member does not extend along the first

portion of the sleeve, and does not extend along the second portion of the sleeve.

For any of the applications described above, the contracting mechanism may

15 includes a housing and a rotatable structure positioned within the housing, which housing
is disposed at the first site of the sleeve, and the rotatable structure and the longitudinal
contracting member may be arranged such that rotation of the rotatable structure applies

the longitudinal contracting force only between the first and the second sites.

For any of the applications described above, at least three of the tissue anchors
20  may be coupled to the sleeve alongside the contracting member, longitudinally between

the first and second sites, exclusive.

For any of the applications described above, the sleeve may be substantially

longitudinally non-extensible.

There is additionally provided, in accordance with an application of the present
25  invention, apparatus including an implantable structure, which includes:
a flexible sleeve, having first and second sleeve ends; and
a contracting assembly, which is configured to longitudinal contract the sleeve,
and which includes:
a contracting mechanism;
30 a first longitudinal contracting member, which has first and second

member ends, and a first member end portion, which extends from the first
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member end toward the second member end along only a longitudinal
portion of the first contracting member; and
a second longitudinal contracting member, which has first and

second member ends, and a first member end portion, which extends from

the first member end toward the second member end along only a

longitudinal portion of the second contracting member; and

wherein (a) the first member end of the first contracting member and the first
member end of the second contracting member are coupled to the contracting mechanism,
(b) the second member end of the first longitudinal contracting member is coupled to the
sleeve at a first site that is a first lopgitudinal distance from the first sleeve end, and (c) the
second member end of the second longitudinal contracting member is coupled to the
sleeve at a second site that is a second longitudinal distance from the second sleeve end,

wherein the contracting mechanism is disposed at a third site of the sleeve that is
longitudinally between the first and second sites, exclusive, and

wherein the first and second longitudinal distances are measured when the sleeve
is in a straight, relaxed, non-contracted state, and at least one of the first and second

longitudinal distances, taken separately, is at least 5 mm.

For some applications, the implantable structure further includes a plurality of
tissue anchors, one or more of which are coupled to the sleeve at respective fourth sites
selected from the group of sites consisting of: one or more sites longitudinally between
the first site and the first sleeve end, exclusive, and one or more sites longitudinally
between the second site and the second sleeve end, exclusive. For some applications, at
least three of the tissue anchors are coupled to the sleeve alongside the contracting

member, longitudinally between the first and second sites, exclusive.

For some applications, each of the first and second longitudinal distances is at
least 5 mm. Alternatively, for some applications, one of the first and second longitudinal
distances is at least 5 mm, and the other of the first and second longitudinal distances is

less than 5 mm, such as equal to O mm.

For any of the applications described above, the contracting mechanism may
include a housing and a rotatable structure positioned within the housing, which housing
is disposed at the third site of the sleeve, and the rotatable structure and the longitudinal
contracting member may be arranged such that rotation of the rotatable structure

longitudinaly contracts the sleeve.
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For any of the applications described above, each of the first and second

longitudinal contracting members includes at least one wire.

There is yet additionally provided, in accordance with an application of the present
invention, apparatus including an implantable structure, which includes:

a flexible sleeve, arranged as a loop;

a plurality of first tissue anchors of a first configuration, coupled to the slecve at
intervals along a first longitudinally-contiguous portion of the loop; and

a plurality of second tissue anchors of a second configuration different from the
first configuration, coupled to the sleeve at intervals along a second longitudinally-

contiguous portion of the loop different from the first longitudinally-contiguous portion.

For some applications, the first and second configurations are different from each
other in size. For some applications, the first tissue anchors include first coupling heads
and first tissue coupling elements, respectively, the second tissue anchors include second
coupling heads and second tissue coupling elements, respectively, and lengths of the first
tissue coupling elements are greater than lengths of the second tissue coupling elements.
For some applications, the implantable structure includes more first tissue anchors than
second tissue anchors, such as at least twice as many first tissue anchors as second tissue

anchors.

For some applications, the first and second tissue coupling elements are shaped so
as to define a shape selected from the group consisting of: a helix, a spiral, and a screw
shaft, and the lengths of the first and second coupling elements are measured along a
longitudinal axis of the shape. For some applications, each of the second tissue coupling

elements is shaped so as to define no more than two turns.

For some applications, the first tissue anchors include first coupling heads and first
tissue coupling elements, respectively, the second tissue anchors include second coupling
heads and second tissue coupling elements, respectively; the first and second tissue
coupling elements are shaped so as to define a shape selected from the group consisting
of: a helix, a spiral, and a screw shaft; and each of the second tissue coupling elements has

fewer turns than does each of the first tissue coupling elements.

For some applications, each of the second tissue coupling elements is selected

from the group consisting of: a harpoon anchor, an anchor including spiked arms, a mesh
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shaped so as to define two discs, an anchor including a barbed shaft. For some

applications, each of the second tissue coupling elements includes a suture.

For any of the applications described above, the flexible sleeve may be shaped so

as to define an integrally closed loop having no sleeve ends.

For any of the applications described above, the flexible sleeve may be shaped so
as to define first and second sleeve ends, which are coupled to each other to form the loop.
For some applications, the first and second sleeve ends are coupled to cach other at an

overlapping portion.

There is also provided, in accordance with an application of the present invention,
apparatus including an implantable structure, which includes:

a flexible sleeve, having first and second sleeve ends;

a contracting assembly, which is configured to longitudinally contract the sleeve;

an elongated linking member, having a first and second linking member ends,
which second linking member end includes a first coupling element, wherein the linking
member is coupled to the sleeve such that (a) at least a portion of the linking member is
disposed within the sleeve, and (b) the first linking member end is longitudinally between
the second linking member end and the first sleeve end, exclusive; and

a second coupling clement, which is configured to be coupleable to the first
coupling element, and which is coupled to the implantable structure within 1.5 cm of the

first sleeve end, measured when the sleeve is fully longitudinally extended.

For some applications, the implantable structure further includes a plurality of
tissue anchors, at least two of which are coupled to the sleeve at respective, different

longitudinal sites alongside the linking member.

For some applications, the contracting assembly includes a contracting mechanism
and a longitudinal contracting member, and the contracting mechanism is coupled to the
sleeve within 1.5 cm of the first sleeve end. For some applications, the second coupling

element is coupled to the contracting mechanism.

For some applications, the linking member is configured as a spring. For some

applications, the linking member is curved.
For some applications, the linking member has a length of between 2 and 6 cm.

For some applications, the linking member includes metal, such as Nitinol.
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For some applications, the linking member is substantially longitudinally non-

extensible.

For some applications, at least 30% of a length of the linking member is disposed

within the sleeve.

For some applications, the flexible sleeve is a first flexible sleeve, and the
implantable structure further includes a second flexible sleeve, and at least 20% of a

length of the linking member is disposed within the second flexible sleeve.

For some applications, at least one of the first and second coupling elements
includes a hook. For some applications, at least one of the first and second coupling

elements includes a loop.

For any of the applications described above, the longitudinal contracting member

may include at least one wire.

For any of the applications described above, the implantable structure may further
include one or more contraction-restricting elements coupled to at least a contraction-
restricted portion of the implant structure, each of which contraction-restricting.elements

includes a coiled element, a portion of which is non-compressible.

There is further provided, in accordance with an application of the present
invention, apparatus including an implantable structure, which includes:

a flexible sleeve, which includes a plurality of radiopaque markers, positioned
along the sleeve at respective longitudinal sites; and

a plurality of tissue anchors, which are configured to be coupled to the sleeve.
For some applications, the radiopaque markers include a radiopaque ink.

For some applications, at least three of the radiopaque markers are longitudinally
spaced at a constant interval. For some applications, at least three of the anchors are

coupled to the sleeve, longitudinally spaced at the constant interval.

For some applications, the radiopaque markers have respective edges selected
from the group consiétiug of: respective proximal edges, and respective distal edges; the
radiopaque markers include first, second, and third radiopaque markers, which first and
second markers are adjacent, and which second and third markers are adjacent; and a first

longitudinal distance between the selected edge of the first marker and the selected edge
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of the second marker equals a second longitudinal distance between the selected edge of
the second marker and the selected edge of the first marker. For some applications, the
anchors include first, second, and third anchors, which first and second anchors are
adjacently coupled to the sleeve with the first longitudinal distance therebetween, and
which second and third anchors are adjacently coupled to the sleeve with the second

longitudinal distance therebetween.

For any of the applications described above, the implantable structure may include
an annuloplasty ring, which is configured to be implanted along an annulus of an
atrioventricular valve of a subject, and to contract the annulus as the sleeve is

longitudinally contracted.

For any of the applications described above, the apparatus may further include a

prosthetic heart valve, which is configured to be coupled to the sleeve.

There is still further provided, in accordance with an application of the present
invention, a method including:

providing an implantable structure, which includes (a) a flexible sleeve and (b) a
contracting assembly, which is configured to longitudinally contract the sleeve, and which
includes (i) a contracting mechanism and (ii) one or more longitudinal contracting
members coupled to the contracting mechanism;

placing (typically in a percutaneous procedure) the implantable structure
completely around an annulus of an atrioventricular valve of a subject, such that none of
the one or more longitudinal contracting members is positioned along an anterior portion
of the annulus between fibrous trigones of the valve;

fastening the implantable structure to the annulus; and

actuating the contracting assembly to contract a longitudinal portion of the sleeve

not positioned along the anterior portion of the annulus.

For some applications, providing the implantable structure includes providing the
implantable structure in which the sleeve is shaped so as to define an integrally closed

loop having no sleeve ends.

For some applications, providing the implantable structure includes providing the
implantable structure in which the sleeve has first and second sleeve ends, and first and
second portions that longitudinally extend from the first and the second sleeve ends,

respectively; placing the implantable structure includes arranging the sleeve in a closed
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loop, such that the first and second portions of the sleeve together define a longitudinally
overlapping portion of the sleeve positioned at least partially along the anterior portion of
the annulus; and none of the one or more longitudinal contracting members is positioned
along the overlapping portion of the sleeve. For some applications, fastening the
implantable structure to the annulus includes fastening the sleeve to the annulus using a
plurality of tissue anchors, at least one of which penetrates both the first and second

portions of the sleeve at the overlapping portion.

For some applications, the at least one of the tissue anchors includes a coupling
head and a tissue coupling clement, and fastening includes fastening the sleeve to the
annulus such that the tissue coupling element penetrates both the first and second portions
of the sleeve at the overlapping portion, and the coupling head is positioned within one of

the first and second portions of the sleeve at the overlapping portion.

For some applications, the plurality of tissue anchors includes a plurality of first
tissne anchors of a first configuration, and a plurality of second tissue anchors of a second
configuration different from the first configuration, and fastening includes: (a) coupling
the first tissue anchors to the sleeve at intervals along a first longitudinally-contiguous
portion of the loop positioned along a portion of the annulus other than the anterior
portion of the annulus, and (b) coupling the second tissue anchors to the sleeve at intervals
along a second longitudinally-contiguous portion of the loop positioned along the anterior
portion of the annulus. The first and second tissue anchors are optionally configured as
described below. The For some applications, the contracting member does not extend
along the first portion of the sleeve, and does not extend along the second portion of the

sleeve.

For some applications, placing includes placing the implantable structure such that
the one or more longitudinal contracting members are positioned along a non-anterior
portion of the annulus, which non-anterior portion does not reach either of the fibrous

trigones.

For some applications, the contracting mechanism includes a housing and a
rotatable structure positioned within the housing, which housing is disposed at the first
site of the sleeve, and actuating the contracting assembly includes rotating the rotatable

structure to longitudinally contract the sleeve.

24



10

15

20

25

30

WO 2012/176195 PCT/IL2012/000250

There is additionally provided, in accordance with an application of the present
invention, a method including:

providing an implantable structure, which includes (a) a flexible sleeve, having
first and second sleeve ends, and (b) a contracting assembly, which is configured to
longitudinally contract the sleeve, and which includes (i) a contracting mechanism, which
is disposed longitudinally at a first site of the sleeve, and (ii) a longitudinal contracting
member, having (%) a first member end, (y) a second member end, which is coupled to the
sleeve longitudinally at a second site, which is longitudinally between the first site and the
second sleeve end, exclusive, and (z) a first member end portion, which (1) extends from
the first member end toward the second member end along only a longitudinal portion of
the contracting member, and (2) is coupled to the contracting mechanism;

placing (typically in a percutaneous procedure) the implantable structure at least
partially around an annulus of an atrioventricular valve of a subject;

using a plurality of tissue anchors, fastening the implantable structure to the
annulus, including coupling one or more of the tissue anchors to the sleeve and tissue of
the annulus at respective third sites longitudinally between the second site and the second
sleeve end, exclusive; and

actuating the contracting assembly to contract a longitudinal portion of the sleeve.

For some applications, coupling the one or more tissue anchors includes coupling
at least two of the tissue anchors to the sleeve and the tissue at respective third sites

longitudinally between the second member end and the second sleeve end, exclusive.

For some applications, providing the implantable structure includes providing the
implantable structure in which the second site is at least 5 mm from the second sleeve end,

measured when the sleeve is in a straight, relaxed, non-contracted state.

For some applications, providing the implantable structure includes providing the
implantable structure in which the second site is at a longitudinal distance from the second
sleeve end, which distance is no greater than 30% of a total length of the sleeve, the
distance and length measured when the sleeve is in the straight, relaxed, non-contracted

state.

For some applications, a first portion of the sleeve longitudinally extends from the
first sleeve end toward the first site, a second portion of the sleeve longitudinally extends

from the second sleeve end toward the second site, and placing the implantable structure
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includes arranging the sleeve in a closed loop, such that the first and second portions of
the sleeve together define a longitudinally overlapping portion of the sleeve. For some
applications, placing the implantable structure includes placing the implantable structure
such that the overlapping portion is positioned along an anterior portion of the annulus
between fibrous trigones of the valve. For some applications, fastening includes coupling
at least one of the tissue anchors to the tissue such that the anchor penetrates both the first
and second portions of the sleeve at the overlapping portion. For some applications, the at
least one of the tissue anchors includes a coupling head and a tissue coupling element, and
fastening includes fastening the sleeve to the annulus such that the tissue coupling element
penetrates both the first and second portions of the sleeve at the overlapping portion, and
the coupling head is positioned within one of the first and second portions of the sleeve at

the overlapping portion.

For some applications, providing the implantable structure includes providing the
implantable structare in which the overlapping portion has a length of between 5 and 60
mm. For some applications, providing the implantable structure includes providing the
implantable structure in which the contracting member does not extend along the first

portion of the sleeve, and does not extend along the second portion of the sleeve.

For some applications, the contracting mechanism includes a housing and a
rotatable structure positioned within the housing, which housing is disposed at the first
site of the sleeve, and actuating the contracting assembly includes rotating the rotatable

structure to longitudinally contract the sleeve.

For some applications, coupling includes coupling at least three of the tissue
anchors to the sleeve alongside the contracting member, longitudinally between the first

and second sites, exclusive.

For some applications, actuating includes actuating the contracting assembly to

apply a longitudinal contracting force only between the first and the second sites.

There is yet additionally provided, in accordance with an application of the present
ivention, a method including:

providing an implantable structure, which includes (a) a flexible sleeve, having
first and second sleeve ends, and (b) a contracting assembly, which includes (i) a
coniracting mechanism, which is disposed longitudinally at a first site of the sleeve, and

(ii) a longitudinal contracting member, having (x) a first member end, (y) a second
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.member end, which is coupled to the sleeve longitudinally at a second site, which is
longitudinally between the first site and the second sleeve end, exclusive, and (z) a first
member end portion, which (1) extends from the first member end toward the second
member end along only a longitudinal portion of the contracting member, and (2) is
coupled to the contracting mechanism, wherein the contracting mechanism is configured
to apply a longitudinal contracting force only between the first and the second sites; and

placing (typically in a percutaneous procedure) the implantable structure at least
partially around an annulus of an atrioventricular valve of a subject;

using a plurality of tissue anchors, fastening the implantable structure to the
annulus, including coupling one or more of the tissue anchors to the sleeve and tissue of
the annulus at respective third sites selected from the group of sites consisting of: one or
more sites longitudinally between the first site and the first sleeve end, exclusive, and one
or more sites longitudinally between the second site and the second sleeve end, exclusive;
and

actuating the contracting assembly to contract a longitudinal portion of the sleeve.

For some applications, at least one of the third sites is longitudinally between the
first site and the first sleeve end, exclusive. For some applications, at least two of the

third sites are longitudinally between the first site and the first sleeve end, exclusive.

For some applications, at least one of the third sites is longitudinally between the
second site and the second sleeve end, exclusive. For some applications, at least two of
the third sites are longitudinally between the second site and the second sleeve end,

exclusive.

For some applications, at least one of the third sites is longitudinally between the
first site and the first sleeve end, exclusive, and at least one of the third sites is

longitudinally between the second site and the second sleeve end, exclusive.

For some applications, providing the implantable structure includes providing the
implantable structure in which the first site is a first longitudinal distance from the first
sleeve end, the second site is at a second Iongitudinal distance from the second sleeve end,
which first and second longitudinal distances are measured when the sleeve is in a
straight, relaxed, non-contracted state, and at least one of the first and second longitudinal

distances, taken separately, is at least 5 mm. For some applications, the first distance is at
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least 5 mm. Alternatively or additionally, for some applications, the second distance is at

least 5 mm.

For some applications, a first portion of the sleeve longitudinally extends from the
first slecve end toward the first site, a second portion of the sleeve longitudinally extends
from the second sleeve end toward the second site, and placing the implantable structure
includes arranging the sleeve in a closed loop, such that the first and second portions of
the sleeve together define a longitudinally overlapping portion of the sleeve. For some
applications, placing the implantable structure includes placing the implantable structure
such that the overlapping portion is positioned along an anterior portion of the annulus

between fibrous trigones of the valve.

For some applications, fastening includes coupling at least one of the tissue
anchors to the tissue such that the anchor penetrates both the first and second portions of
the sleeve at the overlapping portion. For some applications, the at least one of the tissﬁe
anchors includes a coupling head and a tissue coupling element, and fastening includes
fastening the sleeve to the annulus such that the tissue coupling element penetrates both
the first and second portions of the sleeve at the overlapping portion, and the coupling
head is positioned within one of the first and second portions of the sleeve at the

overlapping portion.

For some applications, providing the implantable structure includes providing the
implantable structure in which the overlapping portion has a length of between 5 and 60
mm. For some applications, providing the implantable structure includes providing the
implantable structure in which the contracting member does not extend along the first

portion of the sleeve, and does not extend along the second portion of the sleeve.

For some applications, the contracting mechanism includes a housing and a
rotatable structure positioned within the housing, which housing is disposed at the first
site of the sleeve, and actuating the contracting assembly includes rotating the rotatable

structure to longitudinally contract the sleeve.

For some applications, coupling includes coupling at least three of the tissue
anchors to the sleeve alongside the contracting member, longitudinally between the first

and second sites, exclusive.

There is also provided, in accordance with an application of the present invention,

a method including;:
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providing an implantable structure, which includes (a) a flexible sleeve, having
first and second sleeve ends, and (b) a contracting assembly, which is configured to
longitudinal contract the sleeve, and which includes (i) a contracting mechanism, (ii) a
first longitudinal contracting member, which has first and second member ends, and a first
member end portion, which extends from the first member end toward the second member
end along only a longitudinal portion of the first contracting member, and (iii) a second
longitudinal contracting member, which has first and second member ends, and a first
member end portion, which extends from the first member end toward the second member
end along only a longitudinal portion of the second contracting member, wherein (a) the
first member end of the first contracting member and the first member end of the second
contracting member are coupled to the contracting mechanism, (b) the second member
end of the first longitudinal contracting member is coupled to the sleeve at a first site that
is a first longitudinal distance from the first sleeve end, (c) the second member end of the
second longitudinal contracting member is coupled to the sleeve at a second site that is a
second longitudinal distance from the second sleeve end, (d) the contracting mechanism is
disposed at a third site of the sleeve that is longitudinally between the first and second
sites, exclusive, and (e) the first and second longitudinal distances are measured when the
sleeve is in a straight, relaxed, non-contracted state, and at least one of the first and second
longitudinal distances, taken separately, is at least 5 mm;

placing (typically in a percutancous procedure) the implantable structure at least
partially around an annulus of an atrioventricular valve of a subject;

fastening the implantable structure to the annulus; and

actuating the contracting assembly to contract two longitudinal portions of the

sleeve.

For some applications, fastening includes fastening the implantable structure to the
annulus using a plurality of tissue anchors, including coupling one or more of the tissue
anchors to the sleeve and tissue of the annulus at respective fourth sites selected from the
group of sites consisting of: one or more sites longitudinally between the first site and the
first sleeve end, exclusive, and one or more sites longitudinally between the second site
and the second sleeve end, exclusive. For some applications, fastening includes coupling
at least three of the tissue anchors to the sleeve alongside the contracting member,

longitudinally between the first and second sites, exclusive.
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For some applications, each of the first and second longitudinal distances is at

[east 5 mm.

For some applications, one of the first and second longitudinal distances is at least
5 mm, and the other of the first and second longitudinal distances is less than 5 mm, such

as equal to 0 mm.

For any of the applications described above, the contracting mechanism may
include a housing and a rotatable structure positioned within the housing, which housing
is disposed at the third site of the sleeve, and actuating the contracting assembly may

include rotating the rotatable structure to longitudinally contract the sleeve.

There is further provided, in accordance with an application of the present
invention, a method including:

placing (typically in a percutaneous procedure) a flexible sleeve as a loop
completely around an annulus of an atrioventricular valve of a subject, such that (a) a first
longitudinally-contiguous portion of the loop is positioned along a portion of the annulus
other than an anterior portion of the annulus between fibrous trigones of the valve, and (b)
a second longitudinally-contiguous portion of the loop is positioned along the anterior
portion of the annulus;

coupling a plurality of first tissue anchors of a first configuration to the sleeve and
tissue of the annulus at intervals along the first longitudinally-contiguous portion of the
loop; and

coupling a plurality of second tissue anchors of a second configuration different
from the first configuration to the sleeve and the tissue at intervals along the second

longitudinally-contiguous portion of the loop.

For some applications, the first and second configurations are different from each
other in size. For some applications, the first tissue anchors included first coupling heads
and first tissue coupling elements, respectively, the second tissue anchors include second
coupling heads and second tissue coupling elements, respectively, and lengths of the first
tissue coupling elements are greater than lengths of the second tissue coupling elements.
For some applications, coupling the first and the second tissue anchors includes coupling
more first tissue anchors than second tissue anchors. For some applications, coupling the
first and the second tissue anchors includes coupling at least twice as many first tissue

anchors as second tissue anchors.
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For some applications, the first and second tissue coupling elements are shaped so
as to define a shape selected from the group consisting of: a helix, a spiral, and a screw
shaft, and the lengths of the first and second coupling elements are measured along a
longitudinal axis of the shape. For some applications, each of the second tissue coupling

elements is shaped so as to define no more than two turns.

For some applications, the first tissue anchors include first coupling heads and first
tissue coupling elements, respectively; the second tissue anchors include second coupling
heads and second tissue coupling elements, respectively; the first and second tissue
coupling elements are shaped so as to define a shape selected from the group consisting
of: a helix, a spiral, and a screw shaft; and each of the second tissue coupling elements has

fewer turns than does each of the first tissue coupling elements.

For some applications, each of the second tissue coupling elements is selected
from the group consisting of: a harpoon anchor, an anchor including spiked arms, a mesh

shaped so as to define two discs, an anchor including a barbed shaft.

For some applications, each of the second tissue coupling elements includes a

suture.

For some applications, the flexible sleeve is shaped so as to define an integrally

closed loop having no sleeve ends.

-For some applications, the flexible sleeve is shaped so as to define first and second
sleeve ends, and placing includes placing the flexible sleeve includes coupling the first
and the second sleeve ends to each other to form the loop. For some applications,
coupling the first and the second sleeve ends includes coupling the first and the second

sleeve ends to each other at an overlapping portion.

There is still further provided, in accordance with an application of the present
invention, a method including:

providing an implantable structure, which includes (a) a flexible sleeve, having
first and second sleeve ends, (b) a contracting assembly, which is configured to
longitudinally contract the sleeve, (c) an elongated linking member, having a first and
second linking member ends, which second linking member end includes a first coupling
element, the linking member is coupled to the sleeve such that (i) at least a portion of the
linking member is disposed within the sleeve, and (ii) the first linking member end is

longitudinally between the second linking member end and the first sleeve end, exclusive,
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and (d) a second coupling element, which is coupled to the implantable structure within
1.5 cm of the first sleeve end, measured when the sleeve is fully longitudinally extended;

placing (typically in a percutaneous procedure) the flexible sleeve around a portion
of an annulus of an atrioventricular valve of a subject, which portion includes a posterior
portion of the annulus;

placing the linking member along an anterior portion of the annulus between
fibrous trigones of the valve;

fastening the flexible sleeve to the portion of the annulus;

coupling the first and the second coupling elements together;

actuating the coniracting assembly to contract a longitudinal portion of the sleeve.

For some applications, fastening includes fastening the sleeve to the annulus using
a plurality of tissue anchors, including coupling at least two of the anchors to the sleeve
and tissue of the annulus at respective, different longitudinal sites alongside the linking

member.

For some applications, the contracting assembly includes a contracting mechanism
and a longitudinal contracting member, and the contracting mechanism is coupled to the
sleeve within 1.5 cm of the first sleeve end. For some applications, the second coupling

element is coupled to the contracting mechanism.

For some applications, the linking member is configured as a spring. For some

applications, the linking member is curved.
For some applications, the linking member has a length of between 2 and 6 cm.
For some applications, the linking member includes metal, such as Nitinol.

For some applications, the linking member is substantially longitudinally non-

extensible.

For some applications, at least 30% of a length of the linking member is disposed

within the sleeve.

For some applications, the flexible sleeve is a first flexible sleeve, and the
implantable structure further includes a second flexible sleeve, and at least 20% of a

length of the linking member is disposed within the second flexible sleeve.
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For some applications, at least one of the first and second coupling elements
includes a hook. For some applications, at least one of the first and second coupling

elements includes a loop.

There is additionally provided, in accordance with an application of the present
invention, a method including:

placing (typically in a percutaneous procedure), at least partially around an
annulus of an atrioventricular valve of a subject, a flexible sleeve, which includes a
plurality of radiopaque markers, positioned along the sleeve at respective longitudinal
sites;

generating a radiographic image of the sleeve; and

using the radiographic image, coupling a plurality of tissue anchors to the sleeve

and tissue of the annulus.

For some applications, coupling includes using the radiographic image to enable

setting a desired distance between the anchors along the sleeve.
For some applications, the radiopaque markers include a radiopaque ink.

For some applications, at least three of the radiopaque markers are longitudinally
spaced at a constant interval. For some applications, at least three of the anchors are

coupled to the sleeve, longitudinally spaced at the constant interval.

For some applications, the radiopaque markers have respective edges selected
from the group consisting of: respective proximal edges, and respective distal edges; the
radiopaque markers include first, second, and third radiopaque markers, which first and
second markers are adjacent, and which second and third markers are adjacent; and a first
longitudinal distance between the selected edge of the first marker and the selected edge
of the second marker equals a second longitudinal distance between the selected edge of
the second marker and the selected edge of the first marker. For some applications, the
anchors include first, second, and third anchors, and coupling includes adjacently
coupling the first and the second anchors to the sleeve with the first longitudinal distance
therebetween, and adjacently coupling the second and the third anchors to the sleeve with

the second longitudinal distance therebetween.

There is also provided, in accordance with some applications of the present

invention, apparatus, including:
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an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure including:
a sleeve having a lumen and at least one end, the at least one end being
shaped so as to define an opening; and
5 a closure element disposed in a vicinity of the at least one end, the closure
element being configured to facilitate closure of the opening; and
a contracting mechanism coupled to the implant structure and configured to

contract at least a contraction-facilitated portion of the implant structure.

For some applications, the implant structure has a length of between 50 mm and

10 150 mm.

For some applications, the implant structure has a diameter of between 1 mm and

10 mm.

For some applications, the apparatus is configured to be implanted along an
annulus of a mitral valve of the patient in a manner in which the implant structure is

15  formed into at least a portion of an annuloplasty ring.

For some applications, the closure element includes a closure mechanism that
includes one or more strips coupled to the sieeve in the vicinity of the at least one end of
the sleeve, and the one or more sirips have a tendency to be in a closed state in which the

one or more strips close around at least a portion of the opening.

20 For some applications, the apparatus further includes a delivery tool advanceable
within the lumen of the sleeve through the opening, and the tool is configured to expand
the one or more strips while advanceable within the [umen of the sleeve and to facilitate
positioning of the one or more strips in the closed state when removed from within the

lumen of the sleeve,

25 For some applications, the apparatus further includes a contracting member
coupled to the sleeve that facilitates contraction of the contraction-facilitated portion of
the implant structure, the contracting member having a first portion thereof that is coupled

to the contracting element.

For some applications, the contracting member is threaded through the sleeve one

30  ormore times to facilitate generally-even contraction of the implant structure.
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For some applications, the apparatus further includes one or more contraction-
restricting elements coupled to at least a contraction-restricted portion of the implant
structure, the one or more contraction-restricting elements being configured to restrict
contraction of at least the contraction-restricted portion of the implant structure beyond a

predetermined amount.

For some applications, the one or more contraction-restricting elements is coupled

to an outer surface of the implant structure.

For some applications, each one of the one or more contraction-restricting
elements includes a segment having at least a portion thereof that is non-compressible

along a longitudinal axis of the segment.

For some applications, at least one of contraction-restricting elements is disposed
adjacently to one or more contraction-facilitated elements that are compressible along the
longitudinal axis of the segment and facilitate contraction of respective portions of the

implant structure in vicinities of the one or more contraction-facilitating elements.

For some applications, each ome of the contraction restriction-elements is
configured to restrict contraction of the contraction-restricted portion of the implant
structure while facilitating radial movement of the contraction-restricted portion of the

implant structure.

For some applications, at least one of the contraction-restricting elements includes

a coiled element, and at least a portion of the coiled element is non-compressible.

For some applications, the coiled element includes a shape-memory material and is
configured to be generally straightened from a coiled state during delivery of the implant

structure to an implantation site of a body of the patient.

For some applications, the coiled element includes an elongate coiled element

disposed within the lumen of the sleeve.

For some applications, the coiled element includes an elongate coiled element that
is coupled to a portion of an outer surface of the sleeve and is disposed alongside the

portion of the outer surface of the sleeve.

For some applications, the implant is configured for implantation along a native
annulus of the native atrioventricular valve of the patient in a manner in which the

contraction-restricted portion of the implant structure is disposed along a portion of the
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annulus at a posterior leaflet of the valve, and the contraction-restricting element is

coupled to the contraction-restricted portion.

For some applications, the contraction restriction-element is configured to restrict
contraction of the contraction-restricted portion while facilitating radial movement of the

contraction-restricted portion.

For some applications:

the closure element includes at least one end flap that is disposed at the at least one
end of the sleeve, and

the first portion of the contracting member is coupled to the end flap in a manner
in which, in response to at least initial actuation of the contracting mechanism, the
contracting member draws the end flap at least partially over the opening at the at least

one end of the sleeve.

For some applications, the one or more contraction-restricting elements each have

a length of between 3 and 120 mm.

For some applications:

the one or more contraction-restricting elements are coupled to the contracting
member in a vicinity of the first portion thereof,

the one or more contraction-restricting elements are disposed along the implant
structure at a distance of between 3 and 45 mm from the at least one end of the sleeve,

the contraction-restricted portion of the implant structure is between 3 and 45 mm
from the at least one end of the sleeve, and

the one or more contraction-restricting elements are configured to restrict
coniraction of the contraction-restricted portion of the implant structure during contraction

of a remaining portion of the implant structure by the contracting member.

For some applications, the contracting mechanism is disposed at a first portion of
the implant structure, and the contracting member extends along the implant structure

from the first portion thereof to the at least one end of the sleeve.

For some applications, the one or more contraction-restricting elements are
disposed in a vicinity of the at least one end of the sleeve, and the contracting member is
looped through a portion of the flap and extends back toward the one or more contraction-

restricting elements.
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For some applications, the contracting mechanism includes a rotatable structure,
and the actuation includes rotation of the rotatable structure in a first rotational direction

in order to actuate the contracting member to draw the flap over the opening.

For some applications, in response to rotation of the rotatable structure in a second
rotational direction that is opposite the first rotational direction, the contracting member
draws the end flap at least partially away from the opening at the at least one end of the

sleeve,

For some applications:

the at least one end of the sleeve defines a first free end of the implant structure,

the implant structure is shaped so as to define a second free end,

the apparatus is configured to be implanted along an annulus of an atrioventricular
valve of the patient, and

in response to actuation of the contracting mechanism, the first and second free

ends of the implant structure are drawn toward one another.

For some applications, the apparatus is configured to be implanted along an
annulus of a mitral valve of the patient,

the first end of the implant structure is configured to be coupled fo a first location
along the annulus in a vicinity of a first trigone adjacent to the mitral valve, and

the second end of the implant structure is configured to be coupled to a second

location along the annulus in a vicinity of a second trigone adjacent to the mitral valve.

For some applications, the contracting mechanism includes a rotatable structure,
and the actuation includes rotation of the rotatable structure in a first rotational direction

to contract the implant structure.

For some applications, in response to rotation of the rotatable structure in a second
rotational direction that is opposite the first rotational direction, the contracting member

expands the implant structure.

For some applications, in response to rotation of the rotatable structure in a first
rotational direction, successive portions of the contracting member advance in a first
advancement direction with respect to the rotatable structure and contact the rotatable

structure.
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For some applications, the rotatable structure includes a spool, and, in response to
the rotation of the spool in the first rotational direction, the contracting member is

configured to be wound around the spool.

For some applications, in response to continued advancement of the contracting
member in the first advancement direction by continued rotation of the rotatable siructure
in the first rotational direction, the at least one end of the sleeve is pulled toward the

contracting mechanism.

For some applications:

the implant structure is configured to be implanted along an annulus of a mitral
valve of the patient,

the contracting member is configured to contract the implant structure in response
to the rotation of the rotatable structure in the first rotational direction, and

the implant structure is configured to contract the annulus in response to the

contraction of the implant structure.

For some applications, the successive portions of the contracting member are
configured to be advanced in a second advancement direction with respect to the rotatable
structure and thereby to facilitate expansion of the implant structure in response to
rotation of the rotatable structure in a second rotational direction, the second rotational
direction being opposite the first rotational direction, and the second advancement

direction being opposite the first advancement direction.

For some applications:

the rotatable structure has a first end shaped to define a first opening, and a second
end shaped to define a second opening, the rotatable structure being shaped to define a
channel extending from the first opening to the second opening, the channel being
configured for passage therethrough of an elongate tool, and

the second end of the rotatable structure has a lower surface thereof shaped to

define one or more recesses.

For some applications, the apparatus further includes a mechanical element having

a planar surface coupled to the lower surface of the rotatable structure, the mechanical
element being shaped to provide:

a protrusion protruding out of a plane of the planar surface of the

mechanical element, the protrusion being disposed within one of the recesses
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during a resting state of the mechanical element, in a manner that restricts rotation
of the rotatable structure, and

a depressible portion coupled to the protrusion, the depressible portion
being disposed in communication with the second opening of the lower surface,
and configured to dislodge the protrusion from within the recess in response to a

force applied thereto by the elongate tool.

For some applications, the apparatus further includes:

one or more tissue anchors; and

a deployment manipulator tube, which is configured to be removably positioned at
least partially within the lumen of the sleeve, such that the deployment manipulator tube
extends out of the at least one end of the sleeve; and

an anchor driver which is reversibly coupleable to the one or more tissue anchors
and which is configured to be at least partially positioned within the deployment
manipulator tube, and, while so positioned, to deploy the one or more tissue anchors

through a wall of the sleeve.

For some applications, the anchor driver is deflectable within the sleeve of the
implant structure, and the apparatus further includes one or more stiffening elements, the
one or more stiffening elements being threaded through one or more portions of the sleeve
in order to maintain relative positioning of the manipulator tube relative to the implant

structure during deflection of the anchor driver within the sleeve.

For some applications, the manipulator tube is deflectable within the sleeve of the
implant struciure, and the one or more stiffening elements are configured to maintain
relative positioning of the implant structure relative to the manipulator tube during

deflection of the manipulator tube.

For some applications, the apparatus further includes a pﬁsher tube, which is
configured to pass over a portion of the deployment manipulator tube, such that a distal

end of the pusher tube is in contact with the at least one end of the sleeve.

For some applications, the distal end of the pusher tube is removably coupled to

the at least one end of the sleeve.

For some applications, the pusher tube includes one or more coupling elements,
which are configured to removably couple the distal end of the pusher tube to the at least

one end of the sleeve.
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For some applications, the apparatus is configured such that:

when the deployment manipulator tube is positioned within the lumen of the
sleeve, the deployment manipulator tube causes the coupling elements to engage the
sleeve, thereby removably coupling the distal end of the pusher tube to the at least one end
of the sleeve, and

when the deployment manipulator tube is withdrawn from the sleeve, the coupling
elements disengage from the sleeve, thereby decoupling the distal end of the pusher tube

from the at least one end of the sleeve.

For some applications, the coupling elements are configured to have a natural
tendency to flex inwards toward a central longitudinal axis of the sleeve that passes
through the at least one end of the sleeve, and the deployment manipulator tube, when
positioned within the lumen of the sleeve, pushes the coupling elements outwards away

from the longitudinal axis, thereby causing the coupling elements (o engage the sleeve.

There is further provided, in accordance with some applications of the present
invention, apparatus, including:
an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure including:
a sleeve having a lumen and at least one end, the at least one end being
shaped so as to define an opening; and
a closure element disposed in a vicinity of the at least one end, the closure
element being configured to facilitate closure of the opening; and
an anchor delivery tool advanceable through the opening and within the lumen of

the sleeve when the closure element does not facilitate closure of the opening.

There is additionally provided in accordance with some applications of the present
invention, apparatus, including:
an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure having a length of between 50 mm and 150 mm and a diameier of
between 1 mm and 10 mm, the implant structure including:
a sleeve having a lumen and at least one end, the at least one end being
shaped so as to define an opening; and
a closure element disposed in a vicinity of the at least one end, the closure

element being configured to facilitate closure of the opening.
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There is further provided, in accordance with some applications of the present
invention, a method, including;:

positioning an implant structure along an annulus of an atrioventricular valve of a
patient, the implant structure including a sleeve having a lumen and at least one end, the at
least one end being shaped so as to define an opening;

fastening at least a portion of the implant structure to the annulus; and

closing the opening of the at least one end of the sleeve by actuating a closure

element of the implant structure to close.

For some applications, positioning the implant structure along the annulus of the
atrioventricular valve includes transcatheterally positioning the implant structure along the

annulus of the atrioventricular valve.

For some applications, the method further includes driving one or more tissue

anchors through a wall of the sleeve from within the lumen of the sleeve.

For some applications, positioning the implant structure along the annulus of the
atrioventricular valve includes positioning the implant structure along the annulus in a
manner in which the implant structure is formed into a least a portion of an annuloplasty
ring.

For some applications, the closure element includes a closure mechanism that
includes one or more strips coupled to the sleeve in a vicinity of the at least one end of the
implant structure, the one or more strips have a tendency to be in a closed state in which
the one or more strips close around at least a portion of the opening, and the method
further includes:

expanding the one or more strips from the closed state by introducing a tool within
the lumen of the sleeve, and

facilitating positioning of the one or more strips in the closed state by extracting

the tool from within the lumen of the sleeve.

For some applications, fastening includes:
anchoring a first location of the implant structure to a first trigone of the valve; and
anchoring a second location of the implant structure to a second trigone of the

valve.
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For some applications, anchoring the first location includes anchoring a first free
end of the implant structure to the first trigone, and anchoring the second location includes

anchoring a second free end of the implant structure to the second trigone.

For some applications, the method further includes contracting at least a first
portion of the implant structure by actuating a contracting mechanism coupled to the

implant structure.

For some applications, the method further includes restricting the contracting of at
least a second portion of the implant structure that is less than the entire implant structure,

during ongoing contracting of the first portion of the implant structure.

For some applications, restricting the contracting of the second portion of the
implant structure includes restricting contraction of a contraction-restricted portion of the

implant structure that has a length of between 3 mm and 120 mm.

For some applications, restricting the contracting includes coupling to the second
portion of the implant structure a segment having at least a portion thereof that is non-

compressible along a longitudinal axis of the segment.

For some applications, coupling the segment to the second portion of the implant
structure includes coupling the segment to an outer surface of the implant structure in a

vicinity of the second portion of the implant structure.

For some applications, coupling the segment to the outer surface of the implant
structure includes restricting contraction of the portion of the implant structure while

facilitating radial movement of the portion of the implant structure.

For some applications, positioning the implant structure along the annulus of the
atrioventricular valve includes positioning the implant structure in a manner in which the
second portion of the implant structure is disposed along a portion of the annulus at a
posterior leaflet of the valve, and restricting contraction of the second portion of the
implant structure includes restricting contraction of the portion of the annulus at the

posterior leaflet of the valve.

For some applications, restricting the contracting of the second portion of the
implant structure includes advancing into at least a portion of the lumen of the sleeve, a
segmeni having at least a portion thereof that is non-compressible along a longitudinal

axis of the segment.
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For some applications, advancing the segment into the portion of the lumen of the
sleeve includes advancing a segment that is disposed adjacently to one or more portions

that are compressible along the longitudinal axis of the segment.

For some applications, advancing the segment into the portion of the lumen of the

sleeve includes advancing a coiled segment into the portion of the sleeve.

For some applications, the method further includes, prior to advancing the coiled
segment within the sleeve, advancing the coiled segment toward the sleeve in a generally
straightened configuration, and advancing the coiled segment into the portion of the

sleeve includes allowing the segment to form a coil within the sleeve.

For some applications, advancing the segment into the portion of the lumen of the
sleeve includes restricting contraction of the second portion of the implant structure while

facilitating radial movement of the second portion of the implant structure.

For some applications, positioning the implant structure along the annulus of the
atrioventricular valve includes positioning the implant structure in a manner in which the
second portion of the implant structure is disposed along a portion of the annulus at a
posterior leaflet of the valve, and restricting contraction of the second portion of the
implant structure includes restricting contraction of the portion of the annulus at the

posterior leaflet of the valve.

For some applicaiions, restricting the contracting of the second portion of the
implant structure includes restricting contraction of a contraction-resiricted portion of the
implant structure that is between 3 and 45 mm from the at least one end of the sleeve,

while facilitating contraction of a contraction-facilitated portion of the implant structure.

For some applications:
the at least one end of the sleeve defines a first free end of the implant structure,
the implant structure defines a second free end, and
the method further includes:

fastening the implant structure to a first trigone of the valve by fastening
the implant structure to the valve in a vicinity of the first free end; and

fastening the implant structure to a second trigone of the valve by fastening

the implant structure to the valve in a vicinity of the second free end.

For some applications:
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fastening the implant structure to the first trigone includes fastening the first free
end of the of the implant structure to the first trigone,

fastening the implant structure to the second trigone includes fastening the second
free end of the of the implant structure to the second trigone,

fastening the at least the portion of implant structure to the annulus includes
fastening the entire implant structure along the annulus between the first and second
trigones, and

contracting the first portion of the implant structure includes contracting the
contraction-facilitated portion of the implant structure that is between the second end and

the contraction-restricted portion of the implant structure.

For some applications:
fastening the implant structure to the first trigone includes:

fastening the first free end of the of the implant structure to a portion of an
atrial wall of a heart of the patient, and

fastening a portion of the implant structure that is adjacent to the first free
end to the first trigone, and
anchoring the implant structure to the second trigone includes anchoring the

second free end of the of the implant structure to the second trigone.

For some applications:

fastening the first free end of the of the implant structure to the portion of the atrial
wall includes fastening the contraction-restricted portion of the implant structure to the
portion of the atrial wall,

fastening the portion of the implant structure to the annulus includes fastening the
contraction-facilitated portion of the implant to a posterior portion of the annulus between
the first and second trigones, and

contracting the implant structure includes contracting the contraction-facilitated

portion of the implant structure that is between the first and second trigones.

For some applications:

the atrioventricular valve includes a mitral valve;

the at least one end of the sleeve defines a first end of the implant structure,
the implant structure is shaped so as to define a second end, and

positioning the implant structure along the annulus includes:
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positioning the first end of the implant structure at a first trigone of the
mitral valve; and
positioning the second end of the implant structure at a second trigone of

the mitral valve.

5 For some applications, contracting the first portion of the implant structure

includes drawing the first and second ends of the implant structure toward one another.

For some applications, actuating the contracting mechanism includes rotating a
rotatable structure of the contracting mechanism, and contracting the implant includes

rotating the rotatable structure in a first rotational direction.

10 For some applications, the method further includes locking the contracting

mechanism during a period that is subsequent to the rotating of the rotating structure.

For some applications, the closure element includes a flap at a vicinity of the
opening of the sleeve, and the method further includes at least partially drawing the flap
over the opening during a first period, by rotating the rotating mechanism in the first

15  rotational direction.

For some applications, the method further includes, during a second period,
drawing the end flap at least partially away from the opening at the at least one end of the
sleeve by rotating the rotatable structure in a second rotational direction that is opposite

the first rotational direction.

20 For some applications, responsively to rotating the rotatable structure, advancing
in a first advancement direction with respect to the rotatable structure successive portions
of a contracting member that is coupled to the implant structure, the contracting member

is and is configured to contract the implant structure.

For some applications, the rotatable structure includes a spool, and advancing the
25 successive portions of the contracting member in the first advancement direction includes

winding the successive portions of the contracting member around the spool.

For some applications, contracting the first portion of the implant structure
includes rotating further the rotatable member and advancing further successive portions
of the contracting member in the first advancement direction, and the contracting includes

30  drawing the at least one end of the sleeve toward the contracting mechanism.
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For some applications, contracting the implant structure includes contracting the

annulus of the atrioventricular valve.

For some applications, the method further includes expanding the implant
structure by advancing the successive portions of the contracting member in a second
advancement direction that is opposite the first advancement direction by rotating the
rotatable structure in a second rotational direction that is opposite the first rotational

direction.

For some applications, fastening the at least the portion of the implant structure io
the annulus includes:

removably positioning a deployment manipulator tube through the opening and at
least partially within the lumen of the sleeve of the implant structure, such that the
deployment manipulator tube extends out of the at least one end of the sleeve; and

driving one or more tissue anchors through a wall of the sleeve from within the

lumen of the sleeve.

For some applications:

driving the one or more anchors includes advancing through the deployment
manipulator tube an anchor driver that is reversibly couplable to the one or more anchors,

exposing a distal end of the anchor driver from within a distal end of the
deployment manipulator tube; and

deflecting through the sleeve the distal end of the anchor driver.

For some applications, the method further includes maintaining relative
positioning of the implant structure relative to the manipulator tube during the deflecting
by applying a force to one or more stiffening elements that are threaded through the sleeve

of the implant structure.

For some applications, the method further includes placing a pusher tube over the
deployment manipulator tube such that a distal end of the pusher tube is in contact with

the at least one end of the sleeve,

For some applications, the at least one end of the sleeve includes a proximal end of
the sleeve, and the method further includes withdrawing the sleeve from the deployment
manipulator tube in a distal direction, and, while withdrawing, pushing the pusher tube

against the proximal end of the sleeve.
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For some applications, the method further includes, following the withdrawing,

removably coupling the distal end of the pusher tube to the proximal end of the sleeve.

For some applications, removably coupling includes using one or more one or
more coupling elements of the pusher tube to removably couple the distal end of the

pusher tube to the proximal end of the sleeve.

For some applications, removably coupling includes positioning the deployment
manipulator tube within the lumen of the sleeve such that the deployment manipulator
tube causes the coupling elements to engage the sleeve, and the method further includes
decoupling the distal end of the pusher tube from the proximal end of the sleeve by
withdrawing the deployment manipulator tube from the sleeve such that the coupling

clements disengage from the sleeve.

For some applications, positioning the implant structure along the annulus, and
closing the opening of the at least one end of the sleeve include positioning the implant
structure along the annulus, and closing the opening of the at least one end of the sleeve

during a single procedure.

For some applications, positioning the implant structure along the annulus, and
closing the opening of the at least one end of the sleeve include positioning the implant
structure along the annulus, and closing the opening of the at least one end of the sleeve

via a single catheter.

There is further provided, in accordance with some applications of the present
invention, apparatus, including:
an annuloplasty structure configured for implantation along an annulus of an
atrioventricular valve of a heart of a subject, the structure including:
a coiled element including:
at least ope first portion thereof which is flexible and longitudinaliy
compressible; and
at least one second portion thereof in series with the first portion, the
second portion being flexible and less longitudinally compressible than the first

portion.

For some applications, the coiled element is shaped such that a pitch of the coiled
clement at the second portion is smaller than a pitch of the coiled element at the first

portion.
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For some applications, a radius of curvature at a center of the first portion is
smaller than a radius of curvature at a center of the second portion, when no external force

is applied to the annuloplasty structure.
For some applications, the annuloplasty structure includes an annuloplasty ring.

For some applications, the annuloplasty structure includes a partial annuloplasty

ring.

For some applications, the apparatus further includes a contraction-restricting
element configured to be coupled to the second portion of the coiled element, and the
second portion is configured to be flexible and less longitudinally compressible than the
first portion at least in part by virtue of the contraction-restricting element being coupled

thereto.

For some applications, the contraction-restricting element includes an element
selected from the group consisting of: a suture, a staple, a ratchet mechanism, and a

bracket.

For some applications, a total length of the first portion includes less than 50% of a

resting length of the coiled element.

For some applications, a total length of the first portion includes less than 30% of a

resting length of the coiled element.

For some applications, the valve includes a native miiral valve of the subject, and
the structure is configured for implantation along the native mitral valve in a manner in
which at least the second portion of the implant structure is disposed along a portion of

the annulus at a posterior leaflet of the valve.

For some applications, the second portion is configured to restrict contraction of
the second portion while facilitating radial movement of the second portion of the implant

structure.

For some applications,

the atrioventricular valve includes a mitral valve,

the coiled element includes a plurality of second portions, and

the annuloplasty structure is configured for implantation along the annulus in a

manner in which:
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a first one of the second portions is configured to be coupled to the annulus
in a vicinity of a left trigone adjacent to the mitral valve, and
a second one of the second portions is configured to be coupled to the

annulus in a vicinity of a right trigone adjacent to the mitral valve.

For some applications, the combined length of the first and second of the second

portions is 10-50 mm.

For some applications, the annuloplasty structure is configured for implantation
along the annulus in a manner in which a third one of the second portions is disposed

along a portion of the annulus at a posterior leaflet of the valve.

For some applications, a length of the third one of the second portions is 3-120

For some applications, a length of the third one of the second portions includes

more than 20% of a resting length of the coiled element.

For some applications, the annuloplasty structure includes:

a sleeve, the sleeve having first and second end portions, respectively, and a body
portion that is between the first and second end portions; and

a contracting member that extends along the body portion between the first and
second end portions of the sleeve, the contracting member having first and second end
portions, the first end portion of the contracting member being coupled to the sleeve in a
vicinity of the first end portion thereof, and the second end portion of the confracting
member being coupled to the sleeve in a vicinity of the second end portion thereof,

the coiled element being configured to be coupled to the sleeve.

For some applications, the annuloplasty structure has a length of between 50 mm

and 150 mm.

For some applications, the annuloplasty structure has a diameter of between 1 mm

and 10 mm.

For some applications, the annuloplasty structure is configured to be implanted
along an annulus of a mitral valve of the subject in a manner in which the annuloplasty

structure is formed into at least a portion of an annuloplasty ring.

For some applications, the annuloplasty structure includes a partial annuloplasty

ring having first and second free ends, the first end of the sleeve defining the first free end
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of the partial annuloplasty ring, and the second end of the sleeve defining the second free

end of the partial annuloplasty ring.

For some applications, the coiled element includes a shape-memory material
configured to be generally straightened from a coiled state during delivery of the

annuloplasty structure to an implantation site of a body of the subject.

For some applications, the sleeve defines a lumen, and the coiled element includes

an elongate coiled element disposed within the lumen of the sleeve,

For some applications, the coiled element includes an elongate coiled element that
is configured to be coupled to a portion of an outer surface of the sleeve and rest alongside

the portion of the outer surface of the sleeve.

There is additionally provided, in accordance with some applications of the present
invention, apparatus, including:

an implant structure that is contractible at least in part, the implant structure
including a sleeve, the sleeve having first and second end portions, respectively, and a
body portion that is between the first and second end portions;

a contracting member that extends along the bodjr portion between the first and
second end portions of the sleeve, the contracting member having first and second end
portions, the first end portion of the contracting member being coupled to the sleeve in a
vicinity of the first end portion thereof, and the second end portion of the contracting
member being coupled to the sleeve in a vicinity of the second end portion thereof; and

at least one contraction-restricting clement that is coupled to the sleeve and
configured to restrict contraction of a contraction-restricted portion of the implant
structure during contraction of a remaining portion of the implant structure by the
contracting member,

the one or more contraction-restricting elements being coupled to the first end
portion of the contracting member and disposed along the implant structure at a distance
of between 3 and 45 mm from the first end of the sleeve,

the contraction-restricting element being configured to restrict contraction of the
contraction-restricted portion of the implant structure during contraction of a remaining

portion of the implant structure by the contracting member.

For some applications, the implant is configured for implantation along a native

annulus of a native atrioventricular valve of a patient in a manner in which at least the
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contraction-restricted portion of the implant structure is disposed along a portion of the
annulus in a vicinity of a trigone of the valve, and the contraction-restriction element is

coupled to the contraction-restricted portion.

For some applications, the apparatus further includes a contracting mechanism
coupled to the implant structure and configured to contract at least a contraction-

facilitated portion of the implant structure.

For some applications, the contracting mechanism is disposed at a first portion of
the implant structure, and the contracting member extends along the implant structure

toward the second end of the sleeve.

There is additionally provided, in accordance with some applications of the present
invention, a method, including:

positioning an annuloplasty structure along an annulus of an atrioventricular valve
of a subject, the implant structure including a sleeve;

fastening the annuloplasty structure to the annulus;

while the annuloplasty structure is in a fastened state with respect to the annulus,
coupling at least one contraction-restricting element to at least one contraction-restricted
portion of the annuloplasty structure; and

subsequently, coniracting at least ome contraction-facilitated portion of the
annuloplasty structure, the contraction-restricting element restricting contraction of the

contraction-restricted portion during the contracting.

For some applications, coupling the contraction-restricting element to the
contraction-restricted portion of the annuloplasty structure includes coupling the
contraction-restricting element to a portion of the annuloplasty structure disposed along a

portion of the annulus at a posterior leaflet of the valve.

For some applications, coupling the contraction-restricting element to the
contraction-restricted portion of the annuloplasty structure includes coupling the

contraction-restricting element to an outer surface of the annuloplasty structure.

For some applications, coupling the contraction-restricting element to the
contraction-restricted portion of the annuloplasty structure includes restricting contraction
of the contraction-restricted portion of the annuloplasty structure while facilitating radial

movement of the contraction-restricted portion of the annuloplasty structure.
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For some applications, positioning the annuloplasty structure along the annulus of
the atrioventricular valve includes positioning the annuloplasty structure in a manner in
which the contraction-restricted portion of the annuloplasty structure is disposed along a
portion of the annulus at a posterior leaflet of the valve, and coupling the contraction-
restricting element to the contraction-restricted portion of the annuloplasty structure
includes restricting contraction of the contraction-restricted portion of the annulus at the

posterior leaflet of the valve.

For some applications, coupling the contraction-restricting element to the
contraction-restricted portion of the annuloplasty structure includes advancing into at least
a portion of a lumen of the sleeve of the annuloplasty structure, a segment having at least

a portion thereof that is non-compressible along a longitudinal axis of the segment.

For some applications, advancing the segment into the portion of the lumen of the
sleeve includes advancing a segment that is disposed adjacently to one or more portions

that are compressible along the longitudinal axis of the segment.

For some applications, advancing the segment into the portion of the lumen of the
sleeve includes restricting contraction of the contraction-restricted of the annuloplasty
structure while facilitating radial movement of the contraction-restricted portion of the

annuloplasty structure.

For some applications, advancing the segment into the portion of the lumen of the

sleeve includes advancing a coiled segment into the portion of the sleeve.

For some applications, the method further includes, prior to advancing the coiled
segment within the sleeve, advancing the coiled segment toward the sleeve in a generally
straightened configuration, and advancing the coiled segment into the portion of the

sleeve includes allowing the segment to form a coil within the sleeve.

For some applications, fastening the annuloplasty structure to the annulus
includes:

removably positioning a deployment manipulator tube through the opening and at
least partially within the lumen of the sleeve of the annuloplasty structure, such that the
deployment manipulator tube extends out of the at least one end of the sleeve; and

driving one or more tissue anchors through a wall of the sleeve from within the

lumen of the sleeve.
For some applications:
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driving the one or more anchors includes advancing through the deployment
manipulator tube an anchor driver that is reversibly couplable to the one or more anchors,

exposing a distal end of the anchor driver from within a distal end of the
deployment manipulator tube; and

deflecting through the sleeve the distal end of the anchor driver.

For some applications, the method further includes maintaining relative -
positioning of the annuloplasty structure relative to the manipulator tube during the
deflecting by applying a force to one or more stiffening elements that are threaded

through the sleeve of the annuloplasty structure.

For some applications, coupling the contraction-restricting element to the
contraction-restricted portion includes coupling the contraction-restricting element to a
portion of the annuloplasty structure that is between 3 and 45 mm from at least one end of
the sleeve, while facilitating contraction of the contraction-facilitated portion of the

annuoloplasty structure.

For some applications:
the at least one end of the sleeve defines a first free end of the annuloplasty
structure,
the annuloplasty structure defines a second free end, and
fastening the annuloplasty structure to the annulus includes:
fastening the first free end of the of the annuloplasty structure to the
portion of the atrial wall by fastening the contraction-restricted portion of the
annuloplasty structure to the portion of the atrial wall,
fastening the contraction-facilitated portion of the annuloplasty to a
posterior portion of the annulus between the first and second trigones, and
contracting the first portion of the annuloplasty structure includes contracting the
contraction-facilitated portion of the annuloplasty structure that is between the first and

second trigones.

For some applications:

the at least one end of the sleeve defines a first free end of the annuloplasty
structure,

the annuloplasty structure defines a second free end, and

fastening the annuloplasty structure to the annulus includes:
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fastening the annuloplasty siructure to a first trigone of the valve by
fastening the annuloplasty structure to the valve in a vicinity of the first free end;
and

fastening the annuloplasty structure to a second trigone of the valve by
fastening the annuloplasty structure to the valve in a vicinity of the second free

end.

For some applications:

fastening the annuloplasty structure to the first trigone includes fastening the first

free end of the of the annuloplasty structure to the first trigone,

fastening the annuloplasty structure to the second trigone includes fastening the

second free end of the of the annuloplasty structure to the second trigone,

fastening the annuloplasty structure to the annulus includes fastening the entire

annuloplasty structure along the annulus between the first and second trigones, and

contracting the contraction-facilitated portion of the annuloplasty structure

includes contracting a portion of the annuloplasty structure that is between the second end

and the contraction-restricted portion of the annuloplasty structure.

For some applications:
fastening the annuloplasty structure to the first trigone includes:

fastening the first free end of the of the annuloplasty structure to a portion
of an atrial wall of a heart of the subject, and

fastening a portion of the annuloplasty structure that is adjacent to the first
free end to the first trigone, and

fastening the annuloplasty structure to the second trigone includes fastening the

second free end of the of the annuloplasty structure to the second trigone.

and

For some applications:
the atrioventricular valve includes a mitral valve;

the annuloplasty structure is shaped so as to define a first end and a second end,

positioning the annuloplasty structure along the annulus includes:

positioning the first end of the annuloplasty structure at a first trigone of
the mitral valve; and

positioning the second end of the annuloplasty structure at a second trigone

of the mitral valve.
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For some applications, contracting the first portion of the annuloplasty structure
includes drawing the first and second ends of the annuloplasty structure toward one

another.

For some applications, fastening includes:
5 anchoring a first location of annuloplasty structure to a first trigone of the valve;
and
anchoring a second location of the annuloplasty structure to a second trigone of the

valve.

For some applications, anchoring the first location includes anchoring a first free
10  end of the annuloplasty structure to the first trigone, and anchoring the second location

includes anchoring a second free end of the annuloplasty structure to the second trigone.

The present invention will be more fully understood from the following detailed

description of embodiments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 is a schematic illustration of a system for repairing a dilated atrioventricular

valve, such as a mitral valve, in accordance with an application of the present invention;

Figs. 2A-1 are schematic illustrations of a procedure for implanting the
implantable structure of Fig. 1 to repair a mitral valve, in accordance with an application

of the present invention;

20 Fig. 3 is a schematic illustration of the deployment of a tissue anchor into cardiac

tissue, in accordance with some applications of the present invention;

Fig. 4 is a schematic illustration of another configuration of the implantable
structure of Fig. 1, prior to implantation, in accordance with an application of the present
invention;

25 Fig. 5 is a schematic illustration of the implantable structure of Fig. 4 after

implantation around the annulus of a mitral valve, in accordance with an application of the

present invention;

Fig. 6 is schematic cross-sectional illustration of a rotation tool being used to
rotate a spool of a contracting mechanism of the implant structures described herein, in

30  accordance with some applications of the present invention;
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Figs. 7A-B show individual components of a contracting mechanism, in

accordance with some applications of the present invention;

Fig. 8 is another cross-sectional illustration of the contracting mechanism of Fig,.

6, in accordance with some applications of the present invention;

5 Fig. 9 is a schematic illustration of the implant siructure of Fig. 1 comprising a
force-distributing element in 2 vicinity of a proximal end of the structure, in accordance

with some applications of the present invention;

Figs. 10A-B, 11-12 and 13A-B are schematic illustrations of the implant structure
of Fig. 1 comprising an approximating element in a vicinity of a proximal end of the

10 structure, in accordance with some applications of the present invention;

Figs. 14A-B are schematic illustrations of an implant structure comprising a sleeve
having at least one opening and a closure mechanism for the opening, in accordance with

some applications of the present invention;

Fig. 15 is a schematic illustration of an implant structure comprising a sleeve
15 having at least one end flap and a contracting mechanism, in accordance with some

applications of the present invention;

Fig. 16 is a schematic illustration of an anchor deployment manipulator that
facilitates deployment of one or more anchors through the sleeve of the implant structure

of Fig. 15, in accordance with some applications of the present invention;

20 Figs. 17A-C are schematic illustrations of the anchor deployment manipulator of
Fig. 16 advancing and deploying anchors from within the sleeve of the implant structure

of Fig. 15, in accordance with some applications of the present invention;

Figs. 17D-E are schematic illustrations of the closing of the end flap of the implant
structure of Fig. 15 following the anchoring of the structure to the annulus, in accordance

25  with some applications of the present invention;

Fig. 17F shows contraction of at least part of the implant structure of Fig. 15, in

accordance with some applications of the present invention;

Fig. 18 is a schematic illustration showing a portion of the implant structure of
Fig. 15 being coupled to a portion of an atrial wall of a heart of a patient; in accordance

30  with some applications of the present invention;
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Figs. 19A-] are schematic illustrations of different configurations of tissue

anchors, in accordance with respective applications of the present invention;

Fig. 20 is a schematic illustration of a closed-loop configuration of the implantable

structure of Fig. 1, in accordance with an application of the present invention;

5 Fig. 21 is a schematic illustration of yet another configuration of the implantable
structure of Fig, 1, prior to implantation, in accordance with an application of the present

invention;

‘Fig. 22 is a schematic illustration of the implantable structure of Fig. 21 after
implantation around the annulus of a mitral valve, in accordance with an application of the

10 present invention,

Figs. 23A-B are schematic illustrations of coupling elements, in accordance with

respective applications of the present invention;

Figs. 24A-E are schematic illustrations of configurations of the system of Fig. 1
comprising a coiled element, in accordance with respective applications of the present

15  invention;

Figs. 25A-E are schematic illustrations of additional configurations of the system
of Fig. 1 comprising a coiled element, in accordance with respective applications of the

present invention;

Fig. 26 is a schematic illustration of an implant structure, in accordance with some

20  applications of the present invention,

Fig. 27 is a schematic illustration of an implant structure configured to treat the
mitral valve having a contraction-restricting element, in accordance with some

applications of the present invention;

Fig. 28 is a schematic illustration of still another configuration of the implantable

25  structure of Fig. 1, in accordance with an application of the present invention; and

Figs. 29A-B and 30 are schematic illustrations of a valve prosthesis assembly, in

accordance with respective applications of the present invention

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 is a schematic illustration of a system 20 for repairing a dilated

30 atrioventricular valve, such as a mitral valve or a tricuspid valve, in accordance with an
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application of the present invention. System 20 comprises an adjustable implantable
structure 22, shown in Fig. 1 in a straight, relaxed, non-contracted state, and an anchor
deployment manipulator 24 (shown in Figs. 2G-H). For some applications, implantable
structure 22 is configured to be deployed as an annuloplasty ring, while for other
applications, implantable structure 22 is configured to be deployed as a base ring to which
a prosthetic valve is coupled, such as described hereinbelow with reference to Figs. 29A-
B or 30. Implantable structure 22 comprises a flexible sleeve 26. Anchor deployment
manipulator 24 is advanced into sleeve 26, as shown in Figs. 2G-H, and, from within the
sleeve, deploys tissue anchors through a wall of the sleeve into cardiac tissue, thereby
anchoring the ring around at least a portion of the valve annulus. For some applications,
anchor deployment manipulator is implemented using techniques described in US Patent
Application Publication 2010/0280604, which is incorporated herein by reference, with
reference to Figs. 2, 3, 4, 5A, 5B, 6A, 6B, 7, 8, 13, and/or 20A-E thereof.

For some applications, implantable structure 22 comprises a partial annuloplasty
ring. In these applications, sleeve 26 is configured to be placed only partially around the
valve annulus (i.e., to assume a C-shape), and, once anchored in place, to be contracted so
as to circumferentially tighten the valve annulus. For other applications, sleeve 26 is
configured to be implanted entirely around the valve annulus in a closed loop, such as

described hereinbelow with reference to Figs. 5. 20, 22, or 29A-B.

Implantable structure 22 further comprises a contracting assembly 40, which
facilitates contracting of the implantable structure. Contracting assembly 40 comprises a
contracting mechanism 28, and a longitudinal contracting member 30, which is coupled to
contracting mechanism 28, extends along a portion of the sleeve, and is typically flexible.
For example, contracting member 30 may comprise at least one wire. Contracting
assembly 40 is described in more detail hereinbelow. In addition, the implantable
structure typically comprises a plurality of tissue anchors 38, typically between about 5
and about 20 anchors, such as about 10 or about 16 anchors. In Fig. 1, anchors 38 are
shown coupled to implantable structure 22, deployed through the wall of sleeve 26. For
some applications, anchors 38 are configured as described hereinbelow with reference to
Figs. 19A-C, 19D, 19E, 19F, 19G, 19H, 191, and/or 19], while for other applications,

anchors 38 comprise tissue anchors known in the art.

Flexible sleeve 26 may comprise a braided, knitted, or woven mesh or a tubular

structure comprising ePTFE. For some applications, the braid comprises metal and fabric
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fibers. The metal fibers, which may comprise Nitinol for example, may help define the
shape of the sleeve, e.g., hold the sleeve open to provide space for passage and
manipulation of deployment manipulator 24 within the sleeve. The fabric fibers may
promote tissue growth into the braid. Typically, sleeve 26 is substantially longitudinally
non-extensible, i.c., a length thereof is substantially constant, i.e., cannot be longitudinally
stretched, under normal usage conditions. Alternatively, the sleeve is somewhat elastic,
which gives the sleeve a tendency to longitudinally contract, thereby helping tighten the

sleeve. For cxample, the sleeve may be bellows- or accordion-shaped.

For some applications, the sleeve is configured to have a tendency to assume a
straight shape when in its relaxed, non-contracted state. This straightness may help the
surgeon locate the next site for each subsequent anchor during the implantation procedure.
For example, because the sleeve assumes a generally straight shape, the sleeve may help
provide an indication of distance between adjacent anchoring sites. For some
applications, the sleeve is configured to have a conrollably variable stiffness. For
example, a somewhat stiff wire may be placed in the sleeve to provide the stiffness, and
subsequently be removed at the conclusion of the implantation procedure when the

stiffness is no longer useful.

For some applications, sleeve 26 comprises a plurality of radiopague markers 39,
which are positioned along the sleeve at respective longitudinal sites. The markers may
provide an indication in a radiographic image (such as a fluoroscopy image) of how much
of the sleeve has been deployed at any given point during an implantation procedure, in
order to enable setting a desired distance between anchors 38 along the sleeve. For some

applications, the markers comprise a radiopaque ink.

Typically, at least a portion (e.g., at least three, such as all) of the longitudinal sites
are longitudinally spaced at a constant interval. Typically, the longitudinal distance
between the distal edges of adjacent markers, and/or the distance between the proximal
edges of adjacent markers, is set equal to the desired distance between adjacent anchors.
For example, the markers may comprise first, second, and third markers, which first and
second markers are adjacent, and which second and third markers are adjacent, and the
distance between the proximal and/or distal edges of the first and second markers equal
the corresponding distance between the proximal and/or distal edges of the second and
third markers. For example, the distance may be between 3 and 15 mm , such as 6 mm,

and the longitudinal length of each marker may be between 0.1 and 14 mm, such as 2 mm.
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(If, for example, the distance were 6 mm and the length were 2 mm, the longitudinal gaps

between adjacent markers would have lengths of 4 mm.)

(In this context, in the specification and in the claims, "proximal” means closer to
the orifice through which system 20 is originally placed into the body of the patient, and

"distal" means further from this orifice.)

Longitudinal contracting member 30 comprises a wire, a ribbon, a rope, or a band,
which typically comprises a flexible and/or superelastic material, ¢.g., nitinol, polyester,
HDPE, stainless steel, or cobalt chrome. For some applications, the wire comprises a
radiopaque material. For some applications, longitudinal contracting member 30
comprises a braided polyester suture (e.g., TICRON(TM)). For some applications,
longitudinal contracting member 30 is coated with polytetrafluoroethylene (PTFE). For
some applications, contracting member 30 comprises a plurality of wires that are
intertwined to form a rope structure. For some applications, implantable structure 22
comprises a plurality of contracting members 30, which may extend along generally the
same longitudinal portion of sleeve 26, or along respective, different portions of sleeve 26

(e.g., as described hereinbelow with reference to Fig. 28).

For some applications, contracting member 30 is positioned at least partially
within a lumen of the sleeve 26, such as entirely within the lumen (as shown in Figs. 1,
2H-1, 4, 5, 21, and 22, for example). For some applications in which the contracting
member is positioned partially within the lumen, the contracting member is sewn into the
wall of the sleeve, such that the contracting member is alternatingly inside and outside of
the sleeve along the length of the sleeve (configuration not shown). Optionally, sleeve 26
defines an internal channel within which member 30 is positioned (configuration not
shown). Alternatively, the contracting member is disposed outside the lumen of the
sleeve, such as alongside an outer wall of the sleeve. For example, sleeve 26 may define
an external chanpel within which contracting member 30 is positioned, or the sleeve may
comprise or be shaped so as to define external coupling elements, such as loops or rings
(configuration not shown). For some applications, contracting member 30 is positioned

approximately opposite the anchors.

For some applications of the present invention, contracting mechanism 28
comprises a rotatable structure, such as a spool 46. The rotatable structure is arranged

such that rotation thereof applies a longitudinal contracting force, thereby coniracting at
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least a longitudinal portion of implantable structure 22. Typically, in these applications,
contracting mechanism 28 further comprises a housing 44 in which the rotatable structure,
e.g., the spool, is positioned. Contracting member 30 has first and second member ends,
and a first member end portion, which extends from the first member end toward the
second member end along only a longitudinal portion of the contracting member. For
some applications, the first member end portion, e.g., the first member end of contracting
member 30, is coupled to contracting mechanism 28, such as the rotatable structure, e.g.,
the spool (alternatively, although the first member end portion is coupled to the
contracting mechanism, the first member end protrudes beyond the contracting
mechanism). For example, spool 46 may be shaped to provide a hole 42 or other coupling
mechanism for coupling the first end of contracting member 30 to the spool, and thereby
to contracting mechanism 28. Contracting assembly 40 is arranged such that rotation of
the spool winds a portion of the contracting member around the spool. Alternatively,
contracting member 30 may comprise at least one wire (e.g., exactly one wire) that passes
through a coupling mechanism of spool 46, in order to couple the wire to the spool. The
ends of the wire are brought together, and together serve as a second end 53 of contracting
member 30. In this configuration, approximately the longitudinal center of the wire

serves as the first end of the contracting member.

Alternatively, contracting mechanism 28 may comprise a ratchet contracting
mechanism, which typically comprises a ratchet-coupling housing. Contracting member
30 is shaped so as to define engaging structures, such as grooves or teeth. Techniques
may be used that are described in International Application PCT/IL2009/000593, filed
June 15, 2009, which published as PCT Publication WO 10/004546, and in US
Application 12/996,954, which published as US Patent Application Publication
2011/0166649, in the national stage thereof, all of which applications and publications are

incorporated herein by reference.

Further alternatively, contracting mechanism 28 may comprise a housing or other
structure (e.g., a ring or an eyelet) which is shaped so as to define an opening
therethrough. Coniracting member 30 is drawn through the opening (such that the first
member end protrudes beyond the opening), and, once a desired length has been achicved,

is locked, such as using a locking bead, or by crimping or knotting,

Contracting member 30 extends along less than the entire length of sleeve 26.

Contracting mechanism 28 (e.g., housing 44 thereof) is disposed at a first site 34 of sleeve
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26 that is a first longitudinal distance D1 from a first end of the sleeve, either a proximal
end 49 of sleeve 26, as shown in Fig. 1, or a distal end 51 of sleeve 26, as shown in Figs.
2G-1. (Longitudinal distance D1 is measured between the first end of the sleeve and the
portion of contracting mechanism 28 that is closest to the first end.) For some
applications, second end 53 of contracting member 30 is coupled to the sleeve at a second
site 36 that is a second longitudinal distance D2 from a second end of the sleeve, which
second end is longitudinally opposite the first end of the sleeve. For applications in which
contracting mechanism 28 comprises a rotatable structure, rotation of the rotatable
structure, such as spool 46, longitudinally contracts at least a portion of the sleeve, such as
by winding a portion of the contracting member around the spool, thereby pulling the far
end of the implantable structure toward the spool and shortening and tightening the
implantable structure. Such rotation of the rotatable structure, or other actuation of
contracting assembly 40, typically applies a longitudinal contracting force only between
first and second sites 34 and 36, which longitudinally contracts at least a portion, e.g. all,
of the sleeve only between first and second sites 34 and 36. (For example, the
longitudinal force may longitudinally contract less than the entire sleeve between first and
second sites 34 and 36 in applications in which system 20 comprises coiled element 240,
which provides a contraction-restricting portion of the sleeve, as described hereinbelow
with reference to Figs. 24A-E and/or 25A-E.) Therefore, the portions of the sleeve
beyond first and second sites 34 and 36 (towards the ends of the sleeve) are not contracted

by contracting assembly 40.

Typically, contracting member 30 extends along (i.e., a distance along the sleeve
between first and second sites 34 and 36 equals) no more than 80% of the length of the
sleeve, ¢.g., no more than 60% or no more than 50% of the length. Typically, contracting
member 30 extends along no more than 80% of a circumference of the loop when the
sleeve is placed around the annulus (i.c., the total length of the loop less the length of any
overlapping portion). Typically, contracting member 30 extends along (i.e., a distance
along the sleeve between first and second sites 34 and 36 equals) at least 20% of the
length of the sleeve, e.g., at least than 40% or at least than 50% of the length. Typically,
contracting member 30 extends along at least 20% of the circumference of the loop when

the sleeve is placed around the annulus, e.g., at least 30% or at least 50%.

For some applications, first longitudinal distance D1, measured when sleeve 26 is

in a straight, relaxed, non-contracted state, is at least 3 mm, e.g., at least 5 mm, such as at
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least 9 mm, e.g,, at least 14 mm; no greater than 20 mm, such as no greater than 15 mm;
and/or between 5 and 20 mm, such as between 9 and 15 mm. Alternatively or
additionally, for some applications, second longitudinal distance D2, measured when
sleeve 26 is in a straight, relaxed, non-contracted state, is at least 3 mm, e.g., at least 5
mm, such as at least 9 mm, e.g., at least 14 mm; no greater than 20 mm, such as no greater
than 15 mm; and/or between 5 and 20 mm, such as between 9 and 15 mm. Further
alternatively or additionally, first longitudinal distance D1, measured when sleeve 26 is in
a straight, relaxed, non-contracted state, is no greater than 20%, such as no greater than
10% of a total length of the sleeve, measured when sleeve 26 is in a straight, relaxed, non-
contracted state. Further alternatively or additionally, second longitudinal distance D2,
measured when sleeve 26 is in a straight, relaxed, non-contracted state, is no greater than
30%, such as no greater than 20%, e.g., no greater than 10% of the total length of the
sleeve measured, when sleeve 26 is in a straight, relaxed, non-contracted state. For some
applications, the total length of the sleeve, measured when the sleeve is in a straight,
relaxed, non-contracted state is at least 5 ¢m, no more than 25 ¢m, and/or between 5 and
25 cm. For some applications in which the sleeve is implanted in a closed loop, the total
length of the sleeve is selected to be between 1.3 and 1.4 times a circumference of the
annulus, in order to provide overlapping portion 114, described hereinbelow with

reference to Figs. 4 and 5.

For some applications, at least one of tissue anchors 38 (e.g., exactly one, at least
two, exactly two, at least three, exactly three, or at least four, or no more than four) is
coupled to sleeve 26 longitudinally between contracting mechanism 28 (e.g., housing 44
thereof) and the first sleeve end (i.e., the end of the sleeve to which contracting
mechanism 28 is closest), exclusive, and at least 3, such as at least 6, of tissue anchors 38
are coupled to the sleeve alongside contracting member 30, longitudinally between first
site 34 and second site 36 (second member end 53), exclusive. (As used in the present
application, including in the claims, "exclusive," when used with respect to a range of

locations, means excluding the endpoints of the range.)

Alternatively or additionally, for some applications, at least one of tissue anchors
38 (e.g., exactly one, at least two, exactly two, at least three, exactly three, or at least four,
or no more than four) is coupled to sleeve 26 longitudinally between second site 36
(second member end 53) and the second sleeve end (i.e., the end of the sleeve to which

second member end 53 is closest), exclusive, and at least 3, such as at least 6, of tissue
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anchors 38 are coupled to the sleeve alongside contracting member 30, longitudinally

between first site 34 and second site 36 (second member end 53), exclusive.

In the exemplary configuration shown in Fig. 1, exactly two tissue anchors 38 are
coupled to the sleeve longitudinally between the contracting mechanism (e.g., the
housing) (first site 34) and the first sleeve end, exclusive, exactly two tissue anchors are
coupled to the sleeve longitudinally between first site 34 and second site 36 (second
member end 53), exclusive, and exactly six tissue anchors 38 are coupled to the sleeve
alongside the contracting member, longitudinally between first site 34 and second site 36

(second member 53), exclusive.

Providing the one or more anchors beyond first and second sites 34 and 36 (i.e.,
beyond the contracting portion of contracting member 30) generally distributes force
applied by contraction of contracting assembly 40 over these anchors. In contrast, in
some configurations of implantable structure 22 in which anchors are not provided
beyond first and second sites 34 and 36, the force applied by the contracting assembly is
applied predominantly to the single anchor mearest the first end of the confracting

member, and the single anchor nearest to second end of the contracting member.

For some applications, anchors 38 are positioned along sleeve 26 with a
longitudinal distance of between 4.5 and 9 mm, such as 6 mm, between each pair of

longitudinally-adjacent anchors.

It is noted that the anchors may be positioned as described above by a surgeon
during an implantation procedure, such as described hereinbelow with reference to Figs.

2A-I, or the anchors may be prepositioned in the sleeve.

Reference is now made to Figs. 2A-1, which are schematic illustrations of a
procedure for implanting implantable structure 22 to repair a mitral valve 130, in
accordance with an application of the present invention. The procedure is typically
performed with the aid of imaging, such as fluoroscopy, transesophageal echo, and/or

echocardiography.

The procedure typically begins by advancing a semi-rigid guidewire 102 into a
right atrium 120 of the patient, as shown in Fig. 2A.

As show in Fig. 2B, guidewire 102 provides a guide for the subsequent
advancement of a sheath 104 therealong and into the right atrium. Once sheath 104 has

entered the right atrium, guidewire 102 is retracted from the patient's body. Sheath 104
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typically comprises a 14-20 F sheath, although the size may be selected as appropriate for
a given patient. Sheath 104 is advanced through vasculature into the right atrium using a

suitable point of origin typically determined for a given patient. For example:

. sheath 104 may be introduced into the femoral vein of the patient, through
an inferior vena cava 122, into right atrium 120, and into a left atrium 124 transseptally,

typically through the fossa ovalis;

. sheath 104 may be introduced into the basilic vein, through the subclavian
vein to the superior vena cava, into right atrium 120, and into left atrium 124

transseptally, typically through the fossa ovalis;

. sheath 104 may be introduced into the external jugular vein, through the
subclavian vein to the superior vena cava, into right atrium 120, and into left atrium 124

transseptally, typically through the fossa ovalis; or

. sheath 104 may be introduced into left atrium 124 transatrially, e.g., via the

interatrial groove, or via the upper surface of the left atrium.

For some applications, sheath 104 is advanced through an inferior vena cava 122
of the patient (as shown) and into right atrium 120 using a suitable point of origin

typically determined for a given patient.
Sheath 104 is advanced distally until the sheath reaches the interatrial septum.

As shown in Fig. 2D, a resilient needle 106 and a dilator (not shown) are advanced
through sheath 104 and into the heart. In order to advance sheath 104 transseptally into
left atrium 124, the dilator is advanced to the septum, and needle 106 is pushed from
within the dilator and is allowed to puncture the septum to create an opening that
facilitates passage of the dilator and subsequently sheath 104 therethrough and into left
atrium 124. The dilator is passed through the hole in the septum created by the needle.
Typically, the dilator is shaped to define a hollow shaft for passage along needle 106, and
the hollow shaft is shaped to define a tapered distal end. This tapered distal end is first
advanced through the hole created by needle 106. The hole is enlarged when the
gradually increasing diameter of the distal end of the dilator is pushed through the hole in
the septum.
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The advancement of sheath 104 through the septum and into the left atrium is
followed by the extraction of the dilator and needle 106 from within sheath 104, as shown
in Fig. 2E.

As shown in Fig. 2F, implantable structure 22 (with anchor deployment
manipulator 24 therein) is advanced through sheath 104 into left atrium 124,

As shown in Fig. 2G, distal end 51 of sleeve 26 is positioned in a vicinity of a left
fibrous trigone 142 of an annulus 140 of mitral valve 130. (It is noted that for clarity of
illustration, distal end 51 of sleeve 26 is shown schematically in the cross-sectional view
of the heart, although left trigone 142 is in reality not located in the shown cross-sectional
plane, but rather out of the page closer to the viewer.) Alternatively, the distal end is
positioned in a vicinity of a right fibrous trigone 144 of the mitral valve (configuration not
shown). Further alternatively, the distal end of the sleeve is not positioned in the vicinity
of either of the trigones, but is instead positioned elsewhere in a vicinity of the mitral
valve, such as in a vicinity of the anterior or posterior commissure. Still further
alternatively, for some applications, the distal end is positioned along an anterior portion
of the annulus, such as described hercinbelow with reference to Fig. 5. For some
applications, outer tube 66 of anchor deployment manipulator 24 is steerable, as is known
in the catheter art, while for other applications, a separate steerable tube is provided, such
as described in the above-mentioned '604 publication, with reference to Fig. 15 and Fig.
16 thereof. In either case, the steering functionality typically allows the area ncar the
distal end of the deployment manipulator to be positioned with six degrees of freedom.
Once positioned at the desired site near the selected trigone, deployment manipulator 24

deploys a first anchor 38 through the wall of sleeve 26 into cardiac tissue near the trigone.

As shown in Fig. 2H, deployment manipulator 24 is repositioned along annulus
140 to another site selected for deployment of a second anchor 38. Typically, the first
anchor is deployed most distally in the sleeve (generally at or within a few millimeters of
the distal end of the sleeve), and each subsequent anchor is deployed more proximally,
such that the sleeve is gradually pulled off (i.e., withdrawn from) the deployment
manipulator in a distal direction during the anchoring procedure. The already-deployed
first anchor 38 holds the anchored end of sleeve 26 in place, so that the sleeve is drawn
from the site of the first anchor towards the site of the second anchor. Typically, as the
sleeve is pulled off (i.e., withdrawn from) the deployment manipulator, the deployment

manipulator is moved generally laterally along the cardiac tissue, as shown in Fig. 2H.
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Deployment manipulator 24 deploys the second anchor through the wall of the sleeve into
cardiac tissue at the second site. Depending on the tension applied between the first and
second anchor sites, the portion of sleeve 26 therebetween may remain tubular in shape,
or may become flattened, which may help reduce any interference of the implantable

structure with blood flow.

For some applications, in order to provide the second and subsequent anchors,
anchor driver 68 is withdrawn from the subject's body via sheath 104 {typically while
leaving outer tube 66 of the deployment manipulator in place in the sleeve), provided with
an additional anchor, and then reintroduced into the subject's body and into the outer tube.
Alternatively, the entire deployment manipulator, including the anchor driver, is removed
from the body and subsequently reintroduced upon being provided with another anchor.
Further alternatively, deployment manipulator 24 is configured to simultaneously hold a
plurality of anchors, and to deploy them one at a time at the selected sites. Yet further
alternatively, the entire deployment manipulator, including the anchor driver, is removed
from the body and subsequently reintroduced upon being provided with another anchor.
Further alternatively, deployment manipulator 24 is configured to simultaneousty hold a

plurality of anchors, and to deploy them one at a time at the selected sites.

As shown in Fig. 21, deployment manipulator 24 is repositioned along the annulus
to additional sites, at which respective anchors are deployed, until the last anchor is
deployed in a vicinity of right fibrous trigone 144 (or left fibrous trigone 142 if the
anchoring began at the right trigone), thereby fastening sleeve 26 and implantabie
structure 22 to the annulus. Aliernatively, the last anchor is not deployed in the vicinity of
a trigone, but is instead deployed elsewhere in a vicinity of the mitral valve, such as in a

vicinity of the anterior or posterior commissure.

For applications in which contracting mechanism 28 comprises spool 46, a
rotation tool is typically used to rotate spool 46 of contracting mechanism 28, in order to
tighten implantable structure 22. For some applications, the rotation tool is used that is
described and shown in the above-mentioned '604 publication, with reference to Figs. 6A-
B, 7, and 8 thereof, and with reference to Fig. 6 hereinbelow. As described therein,
contracting mechanism 28 comprises longitudinal member 86 that is attached to the
contracting mechanism and passes out of the body of the subject, typically via sheath 104.
In order to readily bring the rotation tool to a driving interface of contracting mechanism

28, the rotation tool is guided over longitudinal member 86. For some applications, spool
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46 is configured as described in the '604 publication with reference to Figs. 1-4, 6A-B, 7,
and/or 8 thereof.

Spool 46 typically comprises a locking mechanism that prevents rotation of the
spool after contracting member 30 has been tightened. For example, locking techniques
may be used that arc described and shown in US Application Publication 2010/0161047,
which is incorporated herein by reference, with reference to Fig. 4 thereof, and/or with
reference to Figs. 6B, 7, and 8 of the above-mentioned '604 publication. Alternatively, for
some applications, coniracting mechanism 28 is configured to tighten contracting member
30, crimp the contracting member to hold the contracting member taut, and subsequently

cut the excess length of the contracting member.

For some applications, a rotation handle is used to tighten the implantable
structure, such as described and shown in the above-mentioned '604 publication, with
reference to Figs. 9A-C and 10A-D thereof. As mentioned above, deploying the one or
more anchors beyond the contracting portion of contracting member 30 generally
distributes force applied by contraction of contracting assembly 40 over these anchors.
Alternatively or additionally, for some applications, a force-distributing clement (e.g.,
such as element 540 shown hereinbelow with reference to Figs. 9, 10A-B, 11-12, and
13A-B) is coupled to sleeve 26 in order to distribute the force applied by contraction of

coniraction assembly over these anchors.

For some applications, sleeve 26 is filled with a material (e.g., polyester,
polytetrafluoroethylene (PTFE), polyethylene terephthalate (PET), or expanded
polytetrafluoroethylene (ePTFE)) after being implanted. The material is packed within at
least a portion, e.g., 50%, 75%, or 100%, of the lumen of sleeve 26. The filler material
functions to prevent (1) formation within the lumen of sleeve 26 of clots or (2)
introduction of foreign material into the lumen which could obstruct the sliding movement

of contracting member 30. Typically, sleeve 26 comprises DACRON (TM).

For some applications, proximal end 49 of sleeve 26 is closed upon completion of
the implantation procedure. For some applications, in order t close sleeve 26, a closure
element 290 is coupled to proximal end 46 of sleeve 26, as described hereinbelow with
reference to Figs. 10A-B, 11-12, 13A-B, 14A-B, 15-16, 17A-F, and 18. Alternatively, the
proximal end of the sleeve may have a natural tendency to close when not held open by

deployment manipulator 24.
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For some applications, following initial contraction of implantable structure 22
during the implantation procedure, the structure may be further contracted or relaxed at a
later time after the initial implantation, such as between several weeks and several months
after the initial implantation. Using real-time monitoring, tactile feedback and optionally
in combination with fluoroscopic imaging, a rotation tool or anchor driver of a
deployment manipulator may be reintroduced into the heart and used to contract or relax

impiantable structure 22.

Reference is made to Fig. 3, which is a schematic illustration of the deployment of
one of anchors 38 into cardiac tissue, in accordance with an application of the present
invention. For these applications, one or more (such as all) of anchors 38 are deployed
from left atrium 124, through tissue of the atrial wall, and into tissue of an upper region of
a ventricular wall 150 near the atrium. Because the tissue of the upper region of
ventricular wall is thicker than that of the atrial wall, deploying the anchors into the upper
region of the ventricular wall generally provides more secure anchoring, In addition,
because the anchors are not deployed laterally through the atrial wall, the risk of

perforating the atrial wall is reduced.

Reference is now made to Figs. 4 and 5, which are schematic illustrations of
another configuration of implantable structure 22, in accordance with an application of the
present invention. Fig. 4 shows implantable structure 22 in a straight, relaxed, non-
contracted state, prior to implantation. Fig. 5 shows the implantable structure after
implantation around the annulus of mitral valve 130, in accordance with an application of

the present invention.

In this configuration, sleeve 26 is implanted in a closed loop. More particularly, a
first portion 110 of sleeve 26 longitudinally extends from the first sleeve end (i.c., the end
of the sleeve to which contracting mechanism 28, e.g., housing 44 thereof, is closest)
toward contracting mechanism 28, e.g., housing 44 thereof (but typically does not extend
all of the way to the contracting mechanism), and a second portion 112 of the sleeve
longitudinally extends from the second sleeve end (i.e., the end of the sleeve to which
second member end 53 is closest) toward second member end 53 (but typically does not
extend all of the way to the second member end). As shown in Fig. 5, once implanted,
sleeve 26 is arranged in a closed loop, such that first and second portions 110 and 112 of
the sleeve together define a longitudinally overlapping portion 114 of the sleeve. The

overlapping portion typically has a Iength of at least 2 mm (e.g., at least 5 mmy), no more
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than 60 mm (e.g., no more than 50 mm), and/or between 2 mm (e.g., 5 mm) and 60 mm
(e.g., 50 mm), and/or a length that is at least 1% of a total length of the sleeve, no more
than 40% of the total length (e.g., no more than 30%), and/or between 1% and 40% (e.g.,
30%) of the total length of the sleeve, measured when the sleeve is in a straight, relaxed,

non-contracted state.

For some applications, at least one of tissue anchors 38 (labeled as 38E in Figs. 4
and 5) penetrates both first and second portions 110 and 112 of the sleeve at overlapping
portion 114. Such a mutual anchor helps ensure that the first and second portions remain
tightly coupled together and to the tissue, so that the sleeve retains its closed loop shape.
For some applications in which tissue anchor 38E comprises a coupling head and a tissue
coupling element, such as described hereinbelow with reference to Fig. 19D, 19E, 19F,
19G, 191, or 197, the tissue coupling element penetrates both first and second portions 110
and 112 of the sleeve at overlapping portion 114, and the coupling head is positioned
within one of first and second portions 110 and 112 of the sleeve at the overlapping
portion. For example, in the deployment configuration shown in Fig. 5, the coupling head

of anchor 38E is positioned within second portion 112.

This configuration of implantable structure 22 may be implanted using the
procedure described hereinabove with reference to Figs. 2A-1, with the following
differences. Unlike in the deployment shown in Figs. 2G-1, in this configuration sleeve
26 is deployed as a closed band around the entire annulus of the native valve, including an
anterior portion 116 of the annulus (on the aortic side of the valve) between fibrous
trigones 142 and 144. Typically, both first and second portions 110 and 112 of sleeve 26
(and thus overlapping portion 114) are positioned along anterior portion 116 of the

annulus.

For some applications, during the implantation procedure, the first sleeve end (i.c.,
the end of the sleeve to which contracting mechanism 28, e.g., housing 44 thereof, is
closest) is placed along at least a portion of anterior portion 116 and first portion 110 is
extended along this portion. At least one anchor 38D is deployed through the wall of first
portion 110 of slceve 26 into cardiac tissue at the anterior portion of the annulus.
Additional anchors 38A and/or 38C are deployed through the wall of the sleeve around
the non-anterior remainder of the annulus, including the posterior portion thereof, as
described hereinabove with reference to Fig, 2H. (Anchors 38C, if provided, are deployed

beyond the ends of the contracting portion of contracting member 30, while anchors 38A
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are deployed along the portion of the sleeve including the contracting portion of the

coniracting member.)

A portion of the sleeve is placed on at least a portion of anterior portion 116 of the
annulus, and, typically, one or more anchors 38B are deployed through the wall of the

sleeve into tissue at the anterior portion of the annulus.

The sleeve is further extended around the annulus until second portion 112
overlaps with previously-deployed first portion 110 at overlapping portion 114, forming a
complete ring. At least one anchor 38E is deployed from within second portion 112
through the wall of the sleeve and into the cardiac tissue, typically at anterior portion 116
of the annulus, or at a portion of the annulus near anterior portion 116. Typically, anchor
38E is deployed such that it additionally passes through previously-deployed first portion
110 (passing through the wall of first portion 110 twice). (Optionally, anchors 38B and/or
38E are of a different configuration than anchors 38A, 38C, and/or 38D, such as described
hereinbelow with reference to Figs. 19A-T; anchors 38B and 38E may be of the same

configuration as one another, or of different configurations.)

Alternatively, the second sleeve end (i.c., the end of the sleeve to which second
member end 53 is closest) is first placed at least partially along anterior portion 116, in
which case second portion 112 is deployed before first portion 110, and anchor 38E is

deployed from within first portion 110.

The sleeve may be deployed in either a clockwise direction or a counterclockwise

direction, as viewed from the atrium.

Contracting assembly 40 is actuated, e.g., the rotatable structure of contracting
mechanism 28 is rotated, in order to tighten implantable structure 22, as described
hereinabove with reference to Fig. 2I. Typically, contracting member 30 does not extend
along the portion of sleeve 26 deployed along anterior portion 116 of the annulus, and
thus does not extend along first portion 110, second portion 112, or overlapping portion
114 of sleeve 26. The portion of the sleeve deployed along anterior portion 116 of the
annulus (between the trigones) is thus non-contractible. For some applications,
contracting member 30 is positioned along a non-anterior portion of the annulus, which
non-anterior portion does not reach either of the fibrous trigones, e.g., does not reach
within 5 mm of either of the trigones. Tightening of implantable structure 22 therefore

tightens at least a portion of the posterior portion of the annulus, while preserving the
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length of anterior portion 116 of the annulus. (The anterior portion of the annulus should
generally not be contracted because its tissue is part of the skeleton of the heart.)
However, the portion of the sleeve deployed along the anterior portion of the annulus
prevents dilation of the anterior annulus, because the sleeve is anchored at both ends of
the anterior annulus, and, as mentioned above, the sleeve typically comprises a
longitudinally non-extensible material. This deployment configuration may help prevent
long-term resizing of the anterior annulus, which sometimes occurs after implantation of

partial annuloplasty rings, such as C-bands.

For some applications, the non-contractible portion of sleeve 26, or non-
contraction-facilitated portion (the portion without contracting member 30) extends
somewhat beyond one or both of trigones 142 or 144 (in the posterior direction, away
from anterior portion 116 of the annulus), such as up to 20 mm, such as up to 10 mm. In
general, since the non-contractible portions of the sleeve are preset, the surgeon is able to
decide during the implantation procedure the lengths of the anterior non-contractible area
and the posterior contractible area, by selecting the length of overlapping portion 114.
The greater the length of overlapping portion 114, the greater the relative length of the
posterior contractible portion, and the lesser the relative length of the non-contractible

portion,

For some applications, at least one anchor 38C is coupled to cardiac tissue on the
posterior side of right fibrous trigone 144, between the trigone and the end of contracting
member 30. Similarly, at least one anchor 38C may be coupled to cardiac tissue on the
posterior side of left fibrous trigone 142, between the trigone and the other end of
contracting member 30 (which, for some applications, is coupled to contracting

mechanism 28, as shown in Fig. 5).

For some applications, at least one (either one or both) of first and second
longitudinal distances D1 and D2 (described hereinabove with reference to Fig. 1), taken
separately, is greater than 40 mm, such as greater than 60 mm. This sleeve portion(s)
beyond the contracting portion of contracting member 30 provide the non-contractible
portion of the sleeve positioned along anterior portion 116 of the annulus, and, optionally,

the non-contractible portion(s) that extend beyond the anterior portion.

Reference is still made to Figs. 4 and 5, and is additionally made to Figs. 19A-J,

which are schematic illustrations of different configurations of anchors 38, in accordance
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with respective applications of the present invention. For some applications, anchors 38
deployed along anterior portion 116 of the annulus (between the trigones) are of a
different configuration from anchors 38 deployed along the remainder of the annulus
(including the posterior portion of the annuius). Unlike the remainder of the annulus,
anterior portion 116 does not comprise muscular or fibrous tissue, but rather thinner aortic
tissue (typically the anchors positioned along anterior portion 116 enter the aorta below
the aortic leaflets). The anchors that are deployed along the remainder of the annulus are
configured for strong coupling to the thicker and stronger fibrous tissue of these portions
of the annulus. Such anchors may be inappropriate for coupling to anterior portion 116.
Anchors 38 are thus provided that are particularly configured for coupling to anterior

portion 116.

For these applications, anchors 38 include a plurality of first tissue anchors of a
first configuration, and a plurality of second tissue anchors of a second configuration
different from the first configuration. (The first tissue anchors are labeled 38A and 38C in
Fig. 5, and for the sake of brevity, are referenced as 38A hereinbelow. The second tissue
anchors are labeled 38B, 38D, and 38E in Fig. 5, and for the save of brevity, are

referenced as 38B hereinbelow.) For some applications, implantable structure 22

- comprises more first tissue anchors 38A than second tissue anchors 38B, e.g., at least

twice as many first tissue anchors as second tissue anchors.

For these applications, sleeve 26 is typically arranged as a loop. For example, as
described hereinabove with reference to Fig. 5, the sleeve may be shaped so as to define
first and second sleeve ends, which are coupled to each other (optionally, with
overlapping portion 114) to form the loop. Alternatively, as described hereinbelow with
reference to Fig. 20, the sleeve may shaped so as to define an integrally closed loop
having no sleeve ends. First tissue anchors 38A are coupled to sleeve 26 at intervals
along a first longitudinally-contiguous portion of the loop, and second tissue anchors 38B
are coupled to sleeve 26 at intervals along a second longitudinally-contiguous portion of
the loop different from the first longitudinally-contiguous portion. The second portion of
the loop is deployed along anterior portion 116 of the annulus, and the first portion of the
loop is deployed along at least a portion of the remainder of the annulus (including the

posterior portion of the annulus).

Reference is now made to Fig. 6, which is a schematic cross-sectional illustration

of a configuration of rotation tool 80 being used to rotate the rotatable structure (e.g., a
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spool 46, as shown) of contracting mechanism 28 of implant structure 22, in accordance
with some applications of the present invention. Contracting mechanism 28 is shaped so
as to provide a driving interface 48 which facilitates coupling of rotation tool 80 to spool
46 of contracting mechanism 28. Typically, as shown in Figs. 1 and 4, access to driving
interface 48 is provided from outside sleeve 26 via a longitudinal member 86 coupled to
coniracting mechanism 28. Contracting mechanism 28 comprises longitudinal member
86 that is attached to contracting mechanism 28 and passes out of the body of the patient.
In order to readily bring rotation tool 80 to driving interface 48, rotation tool 80 is guided
over longitudinal member 86. In this application, rotation tool 80 comprises one or more

tubes that pass over the longitudinal member, as described below.

As mentioned above, for some applications, longitudinal member 86 comprises a
wire, which may comprise metal. Because the wire is fairly stiff, the wire generally
maintains its direction and orientation with respect to contracting mechanism 28. The
wire thus readily guides the tubes to the contracting mechanism such that the tubes have a

desired orientation and position with respect to the contracting mechanism.

Longitudinal member 86 is removably coupled to contracting mechanism 28,
typically to a central portion of an upper surface 50 of spool 46. For some applications, a
distal portion 88 of longitudinal member 86 is shaped so as to define a screw thread 90
(i.e., a mechanical structure that is coupled to member 86 at a distal end portion thereof).
Distal portion 88 is screwed into a threaded opening 92 of upper surface 50, in order to
removably couple longitudinal member 86 to contracting mechanism 28. Typically, the
distal portion is initially coupled to the contracting mechanism before implant structure 22
is placed into an atrium of the patient. As described below, the distal portion is decoupled
from the contracting mechanism after spool 46 has been rotated to tighten implant
structure 22. For some applications, distal portion 88 comprises a discrete element that is
fixed to longitudinal member 86, while for other application, distal portion 88 is integral

with longitudinal member 86,

For some applications, rotation tool 80 comprises an inner (first) tube 98, an
intermediate (second) tube 96, and, optionally, an outer (third) tube 94. Rotation of each
of the tubes is independently controlled, such as using techniques described in US Patent
Application 12/689,635 to Zipory et al. (published as US 2010/0280604), entitled, "Over-
wire rotation tool," filed January 19, 2010, which is incorporated herein by reference. For

some applications, a distal portion of each of tubes 94, 96, and 98 that enters the patient's
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body comprises braided plastic, and a proximal portion of each of the tubes that does not
enter the patient's body comprises a hard material, such as metal (not shown). For
example, the distal and proximal portions may have lengths of between 50 and 100 cm
and between 50 and 350 cm, respectively. Distal-most portions 94D, 96D, and 98D,
respectively, of the distal portions typically comprise a hard material, such as metal, in
order to engage other elements, as described immediately below. Typically, the distal-
most portions comprise separate elements that are coupled to their respective tubes. For

example, the distal-most portions may have lengths of between 1 and 10 mm.

Intermediate tube 96 is configured to rotate spool 46. To this end, intermediate
tube 96 (such as distal-most portion 96D thereof) is configured to engage upper surface 50
of spool 46. To enable such engagement, the upper surface typically is shaped so as to
define one or more indentations 99 (e.g., grooves), in which corresponding protrusions at
the distal end of intermediate tube 96 are positioned, such as by gently rotating tube 96 (or
all of the tubes) until such engagement occurs. (Spring may be provided to assist with
such engagement.) The radius of intermediate tube 96 is approximately equal to the
distance of each of the indentations from a center of upper surface 50, so that the
protrusions at the distal end of the tube are aligned with the indentations. Alternatively,
the upper surface defines one or more protrusions, which engage indentations on the distal
end of tube 96 (configuration not shown). Indentations 99 or the protrusions thus serve as

driving interface 48.

Rotation of intermediate tube 96 causes corresponding rotation of spool 46,
thereby winding contracting member 30 around the spool, and tightening the contracting

member.

An outer tube 94, if provided, is configured to prevent rotation of spool housing 44
during rotation of spool 46. To this end, outer tube 94 (such as distal-most portion 94D
thereof) is configured to engage an upper surface 160 of spool housing 44. To enable
such engagement, the upper surface typically is shaped so as to define one or more
indentations 162 (e.g., grooves), in which corresponding protrusions at the distal end of
outer tube 94 are positioned, such as by gently rotating the tube (or all of the tubes) until
such engagement occurs. (Springs may be provided to assist with such engagement.) The
radius of outer tube 94 is approximately equal to the distance of each of the indentations
from a center of spool housing 44, so that the protrusions at the distal end of the tube are

aligned with the indentations. Alternatively, the upper surface defines ome or more
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protrusions, which engage indentations on the distal end of tube 94 (configuration not

shown).

During rotation of intermediate tube 96 for rotating spool 46, outer tube 94 is held
rotationally stationary, thereby stabilizing spool housing 44 and enabling spool 46 to
rotate with respect to housing 44 either in a first rotational direction or a second rotational
direction that is opposite the first rotational direction. For example, when distal portion
88 is rotated in the first rotational direction, contracting member 30 is wound around
spool 46, and when distal portion 88 is rotated in the second rotational direction,
contracting member 30 is unwound from around spool 46. As described hereinabove, tool

80 is slid within sheath 89.

Inner tube 98 is configured to decouple longitudinal member 86 from spool 46
after contracting member 30 has been sufficiently wound around the spool, as described
above. To this end, a distal portion of the inner tube (such as distal-most portion 98D
thereof) is shaped so as to engage a distal portion of longitudinal member 86, which is

typically shaped so as to couple with the distal portion of the inner tube.

Rotation of inmer tube 98, while intermediate tube 96 is prevented from rotating
and thus prevents rotation of spool 46, causes corresponding rotation of longitudinal
member 86, and unscrews the longitudinal member from spool 46. Longitudinal member
86 and spool 46 are typically configured such that this unscrewing rotation is in the
opposife direction of the rotation of the spool that tightens the contracting member. For
example, clockwise rotation of the spool (looking down on the spool) may wind the
contracting member around the spool, while counterclockwise rotation of longitudinal
member 86 may unscrew the longitudinal member from the spool. To enable the
engagement of inner tube 98 with the distal portion of the longitudinal member, the distal

portion may include a flat portion,

As shown, spool 46 is shaped to define driving interface 48. For some
applications, driving interface 48 is female. For example, the interface may be shaped to
define a channel which extends through the cylindrical portion of spool 46 from an
opening provided by an upper surface 178 (shown below in Fig. 7A, for example) of
spool 46 to an opening provided by a lower surface 180 of spool 46. Alternatively,
driving interface 48 is shaped so as to define an indentation (e.g., a groove) that does not

extend entirely through the cylindrical portion of the spool. Further alternatively, driving

76



WO 2012/176195 PCT/IL2012/000250

10

15

20

25

30

interface 48 is male, and defines a protrusion, e.g., a hexagonal head or a head having

another shape.

For some applications, a distal portion of a rotation tool 80, engages spool 46 via
driving interface 48 and rotates spool 46 in response to a rotational force applied to the
rotation tool. The rotational force applied to the rotation tool rotates spool 46 via the

portion of the rotation tool that engages driving interface 48 of spool 46.

Spool 46 typically comprises a locking mechanism that prevents rotation of the
spool after contracting member 30 has been tightened. For example, locking techniques
may be used that are described with reference to Fig. 4 of above-mentioned US
Application 12/341,960 to Cabiri (published as US 2010/0161047), and/or with reference
to Figs. 6B, 7, and 8 of US Patent Application 12/689,635 to Zipory et al. (published as
US 2010/0280604), entitled, "Over-wite rotation tool," filed January 19, 2010, which are

incorporated herein by reference.

Alternatively, for some applications, contracting mechanism 28 is configured to
tighten contracting member 30, crimp the contracting member to hold the contracting

member taut, and subsequently cut the excess length of the contracting member.

Distal portion 88 of rotation tool 80 has a head that is male (e.g., comprising a
threaded screwdriver head, as shown) having, such as a slot-head, an Allen-head, a
Phillips-head, a Robertson-head, or a hex-head. For some applications, distal portion 88
of rotation tool 80 has a head that is female (e.g., comprising a wrench head, having, for
example, a square or hex opening), as appropriate for driving interface 48 provided.
Typically, the rotation tool comprises a shaft (e.g., tube 94), at least a portion of which is
flexible. For some applications, the rotation tool is used that is described in above-
referenced US Patent Application 12/341,960 (published as US 2010/0161047), with

reference to Fig. 4 thereof.

Figs. 7A-B show a relationship among individual components of contracting
mechanism 28, in accordance with some applications of the present invention.
Contracting mechanism 28 is shown as comprising spool housing 44 which defines an
upper surface 160 and a recessed portion 176. Spool 46 is configured to be disposed
within housing 44 and defines an upper surface 178, a lower surface 180 and a cylindrical
body portion disposed vertically between surfaces 178 and 180. For some applications, a

contracting mechanism as shown in Fig. 6B is used, mutatis mutandis. Although some
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applications of the present invention are described with reference to a contracting
mechanism as shown in Fig. 7A, the scope of the present invention includes using the
contracting mechanism shown in Fig. 7B in combination with other components of the

apparatus described herein.

Reference is now made to Figs. 6 and 7A. Lower surface 180 of spool 46 is
shaped to define one or more (e.g., a plurality, as shown) recesses 182 which define
structural barrier portions 188 of lower surface 180. It is to be noted that any suitable
number of recesses 182 may be provided, e.g., between 1 and 10 recesses, typically

circumferentially (as shown) or otherwise with respect to lower surface 180 of spool 46.

For some applications, as mentioned above, spool 46 comprises a locking
mechanism 164 (Fig. 6). For some applications, locking mechanism 164 is coupled, e.g.,
welded, at least in part to a lower surface of spool housing 44. Typically, locking
mechanism 164 defines a mechanical element having a planar surface that defines slits
184. The surface of locking mechanism 164 may also be curved, and not planar. Locking
mechanism 164 is shaped to provide a protrusion 166 which projects out of a plane
defined by the planar surface of the mechanical element. The slits define a depressible
portion 168 of locking mechanism 164 that is disposed in communication with and
extends toward protrusion 166. Depressible portion 168 is moveable in response to a
force applied thereto by a distal element 70 that extends in a distal direction from distal
portion 88 of longitudinal member 86, beyond threaded opening 92 of upper surface 50,

as shown in Fig. 6.

It is to be noted that the planar, mechanical element of locking mechanism 164 is
shown by way of illustration and not limitation and that any suitable mechanical element
having or lacking a planar surface but shaped to define at least one protrusion may be

used together with locking mechanism 164.

A cap 170 is provided that is shaped so as to define a planar surface and an annular
wall having an upper surface 186 that is coupled to, e.g., welded to, a lower surface of
spool housing 44. The annular wall of cap 170 is shaped so as to define a recessed portion

172 of cap 170 that is in alignment with recessed portion 176 of spool housing 44.

For some applications, spool 46 of contracting mechanism 28 is shaped (o provide
a hole 42 or other coupling mechanism for coupling the first end portion of contracting

member 30 to the spool, and thereby to contracting mechanism 28.

78



WO 2012/176195 PCT/IL2012/000250

10

15

20

25

30

Reference is again made to Fig. 6, and is additionally made to Fig. 8, which is
another cross-sectional illustration of contracting mechanism 28, in accordance with an
application of the present invention. Fig. 6 shows contracting mechanism 28 in an

unlocked state, while Fig. 8 shows the contracting mechanism in a locked state.

In the unlocked state shown in Fig. 6, protrusion 166 of locking mechanism 164 is
disposed within recessed portion 172 of cap 170. Longitudinal member 86 is shaped so as
to define a distal force applicator 174 that extends distally, typically beyond screw thread
90. In the unlocked state, the force applicator extends through spool 46 and pushes
against depressible portion 168 of locking mechanism 164. The depressible portion is
thus pressed downward, as shoﬁn in Fig. 6, freeing protrusion 166 from within a recess
190 defined by structural barrier portions 188 of the lower portion of spool 46.
Additionally, protrusion 166 is freed from within recessed portion 176 provided by spool
housing 44. As a result, contracting mechanism 28 is unlocked, and spool 46 may be

rotated with respect to spool housing 44.

Cap 170 functions to restrict distal pushing of depressible portion 168 beyond a
desired distance so as to inhibit deformation of locking mechanism 164. For applications
in which contracting mechanism 28 is implanted in heart tissue, cap 170 also provides an
interface between contracting mechanism 28 and the heart tissue. This prevents
interference of heart tissue on contracting mechanism 28 during the locking and unlocking
thereof. Additionally, cap 170 prevents damage to heart tissue by depressible portion 168

as it 1s pushed downward.

In the locked state shown in Fig. 8, protrusion 166 is positioned within a recess
190 of spool 46. Typically, the locked state is the resting state of locking mechanism 162.
Depressible portion 168 is disposed in a horizontal position, in response to removal of
distal force applicator 174 from within spool 46. Depressible portion 168 has a tendency
to assume the horizontal position, as shown, and in the absence of a downward pushing
force applied to depressible portion 168 by force applicator 174, depressible portion: 168
returns to its horizontal position from its pushed-down state, as shown in Fig. 8. In this
horizontal position, protrusion 166 of locking mechanism 164 is removed from recessed
portion 172 of cap 170 and is returned within a recess 190 of spool 46 and thereby
restricts movement of spool 46 and locks contracting mechanism 28. Additionally,

protrusion 166 of locking mechanism 164 returns in part within recessed portion 176 of
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spool housing 44. Thus, recessed portion 176 of spool housing 44 provides supplemental

locking of locking mechanism 164.

It is to be noted that although contracting mechanism 28 in Fig. 8 is shown without
contracting member 30 for clarity of illustration, contracting member 30 is coupled to a

portion of contracting mechanism 28.

For some applications, system 20 further comprises a flexible pusher element,
such as described and shown in US Patent Application Publication 2010/0286767, which
is incorporated herein by reference, with reference to Fig. 8 thereof. The pusher element
aids with accurately positioning successive anchors 38 during an implantation procedure,
such as described hereinabove with reference to Figs. 2H and 2I. For some applications,
system 20 further comprises a pusher tube that is applied to proximal end 49 of sleeve 26,
such as described in the above-mentioned '604 publication, with reference to Figs. 14
and/or 18A-B thereof. For some applications, system 20 further comprises a steerable
tube, such as described in the above-mentioned '604 publication, with referenced to Fig.
15 thereof, or with reference to Fig. 16 thereof. For some applications, system 20 further
comprises a pulling wire, such as described in the above-mentioned '604 publication, with
referenced to Fig. 17 thercof. For some applications, system 20 further comprises an
external control handle, such as described in the above-mentioned '604 publication, with
referenced to Fig. 19 thereof. For some applications, contracting assembly 40 and implant
structure 22 are configured as described with reference to Fig. 23 of the above-mentioned

'604 publication, mutatis mutandis.

For some applications of the present invention, system 20 is used to treat an
atrioventricular valve other than the mitral valve, i.e., the tricuspid valve. For these
applications, implantable structure 22 and other components of system 20 described
hereinabove as being placed in the left atrium arc instead placed in the right atrium.
Although implantable structure 22 is described hereinabove as being placed in an atrium,
for some application the implantable structure is instead placed in either the left or right

ventricle,

Reference is now made to Fig. 9, which is a schematic illustration of implant
structure 22 comprising a force-distributing element 540 in a vicinity of proximal end 49
of structure 22, in accordance with some applications of the present invention. Implant 22

of Fig. 9 is similar to implant 22 with the exception that contracting mechanism 28 is
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coupled to sleeve 26 in a vicinity of distal end 51, and implant 22 of Fig. 9 is couplable to
force-distributing element 540. Additionally, implant 22 of Fig. 9 does not necessarily
(but can) define two arcas (having respective distances D1 and D2 in Fig. 1) through
which member 30 does not pass. That is, implant 22 of Fig. 9 defines only one primary
area through which member 30 does not pass (i.e., the portion of sleeve 26 between site
36 and proximal end 49 of sleeve 26). A distal-most anchor 512 of anchors 38 is coupled

to distal end of sleeve 26 typically but not necessarily distal to contracting mechanism 28.

As described hereinabove, second end 53 of contracting member 30 is coupled to
the sleeve at a second site 36 that is a longitudinal distance from end 49 of sleeve 26,
which end 49 is longitudinally opposite the end 51 of sleeve 26. A first end portion 530
of contracting member 30 is coupled to contracting mechanism 28 at first site 34 of sleeve
26. Thus, as described hereinabove, rotation of the rotatable structure of contracting
mechanism 28, or other actuation of contracting assembly 40, typically applies a
longitudinal contracting force only between first and second sites 34 and 36, which
longitudinally contracts at least a portion, e.g. all, of the sleeve only between first and

second sites 34 and 36,

As described hereinabove, one or more anchors 38 is coupled to the sleeve in the
portion of sleeve between site 36 and end 49 of sleeve 26. It is to be noted that even
though only one anchor is shown (i.e., anchor 534), more than one anchor may be coupled
to the portion of sleeve between site 36 and end 49 of sleeve 26. Additionally, the next-
most-proximal anchor 532 may be disposed under site 36. Thus, a proximal-most anchor
534 is coupled to the sleeve in a non-contracting-member portion 510, that is between site
36 and end 49 of sleeve 26 and has excess portions of sleeve 26 which are not anchored to

the annulus.

Force-distributing element 540 typically comprises a longitudinally-non-
compressible element (e.g., a cylindrical element, as shown), which comprises one or
more protrusions 542 for coupling element 540 to sleeve 26. Typically, protrusions 542
puncture sleeve 26, which typically comprises a braided mesh. Typically, force-
distributing element is advanceable within sleeve 26 following implantation thereof via
anchors 38. Typically, element 540 spans over both anchors 532 and 534 in order to
distribute forces between anchors 532 and 534. Protrusions 542 are consirainable within
an oversheath (not shown) which is advanced within the lumen of sleeve 26 in order to

advance element 540 within the sleeve. Qversheath is then removed to expose protrusions
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542 1n order to enable protrusions 542 to protrude and engage sleeve 26, as shown. For
some applications, protrusions 542 are constrainable because the entire element 540
comprises a stent or tube which is constrainable within the oversheath. Typically, element
540 is rigid along a longitudinal axis of sleeve 26 but is flexible along a plane
perpendicular to the axis. For such applications, element 540 may comprise a solid, but
flexible cylindrical element, or may comprise a tightly-coiled element which does not
compress along the longitudinal axis. For some applications element 540 is entirely rigid.
Typically, element 540 comprises a metal (e.g., nitinol, stainless steel, or any other
biocompatible material). Typically, element 540 comprises a tube, a coiled element, or a
stent shaped so as to define a lumen. Alternatively, element 540 does not comprise a

lumen and is solid (e.g., a rod).

“For some applications, force-distributing element 540 has a length of at least 3

mm, e.g., at least 8 mm, or at least 16 mm.

Force-distributing element 540 generally distributes force applied by contraction
of contracting assembly 40 (i.e., mechanism 28 and member 30) over anchors 532 and

534 (and/or any other additional anchor disposed between site 36 and end 49).

As is described hereinbelow with reference to Figs. 17A-C, deployment
manipulator 24 is coupled to sleeve 26 and comprises an elongate outer tube 66. Tube 66
is positioned within sleeve 26 and functions to facilitate advancement of sleeve 26 onto
the annulus during implantation. Typically, the one or more anchors are coupled to an
anchor driver (as described hereinbelow) which slides through the lumen of manipulator
24 (i.e.,, through tube 66). A proximal implant-advancement tube 33 slides along tube 66
of manipulator 24. A distal end of implant-advancement tabe 33 comprises one or more
coupling elements 29 which are configured to removably couple the distal end of implant-
advancement tube 33 to proximal end 49 of sleeve 26, as described hereinbelow.
Coupling elements 29 hold sleeve 26 surrounding deployment manipulator 24. As shown
in Fig. 9, sleeve 26 comprises a coupling-element coupler 536 which is shaped so as to

define one or more openings 538 for coupling elements 29 to sleeve 26.

For some applications, coupling elements 29 are configured to have a natural
tendency to flex inwards toward a central longitudinal axis of tube 33, and the tube 66,
when positioned within the lumen of sleeve 26, pushes coupling elements 29 outwards

away from the longitudinal axis, thereby causing coupling elements 29 to engage sleeve
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26. For example, coupling elements 29 may be curved to define outwardly-directed ends
that push against or pierce sleeve 26. Such pushing against or piercing engages sleeve 26,
which, as mentioned above, may comprise braided or woven fabric. Upon removal of
tube 66 from within sleeve 26, coupling elements 29 are allowed to assume their natural
inwardly-flexed position, thereby releasing sleeve 26 from coupling elements 29 (e,
when elements 29 move away from openings 538), and decoupling the sleeve from

implant-advancement tube 33.

Reference is now made to Figs. 10A-B, 11-12 and 13A-B, which are schematic
illustrations of implant structure 22 comprising an approximating element 551 in a
vicinity of proximal end 49 of structure 22, in accordance with some applications of the
present invention. Implant 22 of Figs. 10A-B, 11-12 and 13A-B are similar to implant 22
of Fig. 9, as described hereinabove, with the exception that implant 22 shown in Figs.
10A-B, 11-12 and 13A-B comprise approximating element 551. Typically, implant 22
comprises force-distributing element 540, as described hereinabove with reference to Fig.
9. For such applications, force-distributing element 540 functions as a structural,
reference component to provide a reference force to approximating element 551. For
some applications, implant 540 does not comprise force-distributing element 540, but
rather any other structural element, e.g., a metal ring, which functions as a structural,

reference component to provide a reference force to approximating element 551.

Typically, approximating element 551 changes a spatial orientation of at least a
portion of a portion of sleeve 26 that is between the structural, reference-force component
(e.g., force-distributing element 540) and end 49, or to non-contracting-member portion
510. For some applications, this portion of the portion includes end 49. For other
applications, this portion includes the entire portion of sleeve 26 that is beiween the
structural, reference-force component. For such applications, portion 510 defines, at least
in part, excess portions of sleeve 26 which do not need to be anchored to the annulus of
the valve. For example, only a portion of sleeve 26 may be anchored along the annulus of
the valve, leaving excess portions of sleeve 26. In such an instance, approximating
element 551 changes the spatial otientation of the excess portion of sleeve 26 so as to
reposition such excess portion, either by compressing the excess portion (as shown in
Figs. 10A-B, 11-12) or by deflecting the excess portion (as shown in Figs. 13A-B). Thus,
for applications in which system 20 comprises approximating element 551 to

accommodate for the excess portions of sleeve 26 which do not need to be anchored to the
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annulus, the physician is able to use any length of sleeve 26 prior to implantation, without
necessarily having to size the native annulus prior to implantation or without having to cat

the excess portions of the sleeve, following anchoring of the sleeve.

Figs. 10A-B show implant 22 coupled to approximating element 551 comprising a
screw shaft 552 and is shaped so as to define a female screw thread 554. As the physician
rotates screw shaft 552 into thread 554, at least a portion of portion 510 of sleeve 26 (or
the portion of sleeve 26 between the structural, reference-force component (e.g., element
540) and end 49) is shortened and/or compressed, as shown in the bottom enlarged image.
As such, approximating clement 551, in such an application, defines a second contracting

mechanism, or a sleeve-shortening element, in order to contracting mechanism 28.

Typically, the structural, reference component (e.g., force-distributing clement
540, in Figs. 10A-B) is shaped so as to define thread 554, or is coupled to a structural
element which is shaped so as to define thread 554. For some applications, system 10
comprises closure element 290, which comprises a plug 550 in such applications which is
couplable to end 49 of sleeve 26. For some applications, a proximal end of shaft 552 is
coupled to plug 550. Additionally, for such applications in which approximating element
551 comprises shaft 552 and thread 554, plug 550 is shaped so as to provide a screwdriver
head 537 for engaging a rotating tool in order to rotate screw shaft 552 with respect to
thread 554. For some applications, plug 550 comprises coupling elements which couple
to openings 538 of coupling-element coupler 536 (described hereinabove with reference

to Fig. 9) in similar manner to coupling elements 29.

Following anchoring of implant 22, element 540 is positioned within the lumen of
sleeve 26, as described hereinabove, in order to distribute forces between the proximal
anchors 532 and 534, and also to function as the structural, reference component for
approximating clement 551. Then screw shaft 552 is screwed into place with respect to
thread 554, either on its own, or coupled to plug 550. Plug 550 functions to close the
opening provided by proximal end 49 of sleeve following the removal of deployment

manipulator 24 (not shown).

As shown in Fig. 10A, force-distributing element 540 comprises a tubular

structure, e.g., a tube, a rod, or a stent, by way of illustration and not limitation.

Fig. 10B shows force-distributing element 540 comprising a coiled element having

a plurality of longitudinally-non-compressible coils.
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Fig. 11 shows implant 22 coupled to approximating element 551 comprising a
spring 560. Typically, spring 560 has a tendency to compress, as shown in the bottom
enlarged image of Fig. 11. Alternatively, spring 560 is made to compress by pushing plug
550 distally and locking plug 550 to sleeve 26. During compression of spring 560, at least
a portion of portion 510 of sleeve (or the portion of sleeve 26 between the structural,
reference-force component (e.g., element 540) and end 49) is shortened and/or
compressed. As such, approximating element 551, in such an application, defines a
second contracting mechanism, or a sleeve-shortening element, in order to contracting

mechanism 28.

Typically, a distal end of spring 560 is coupled to the siructural, reference
component (e.g., force-distributing element 540, in Figs. 10A-B) while a proximal end of

spring 560 is coupled to plug 550.

Fig. 12 shows approximating element 551 comprising both (1) screw shaft 552
and thread 554 (described hereinabove with reference to Figs. 10A-B), and (2) spring 560
(described hereinabove with reference to Fig. 11). As such, approximating element 551,
in such an application, defines a second contracting mechanism, or a sleeve-shortening

element, in order to contracting mechanism 28.

Figs. 13A-B show approximating clement 551 comprising a deflecting element
570. Deflecting element 570 comprises a shape-memory material (e.g., nitinol), which is
configured to deflect portion 510 having the excess sleeve portion toward a wall 580 of
the heart adjacent the annulus. For some applications, deflecting element 570 comprises a
wire. For some applications, deflecting element 570 comprises a tube. For some

applications, deflecting element 570 comprises a spring.

For some applications, deflecting element 570 functions as a stiffening element

which prevents twisting of sleeve 26 during the anchoring of sleeve 26 to the annulus.

As shown, implant 22 comprises a contracting-member-receiving element 574
which is coupled to sleeve 26 via protrusions 542 and through which a distal portion of
contracting member 30 slides. As shown by way of illustration and not limitation,
receiving element 574 comprises force distributing element 540 (described hereinabove
with reference to Fig. 9). Second end 53 of contracting member 30 is coupled to a stopper
572. As contracting mechanism 28 is actuated, mechanism 28 pulls on member 30 in

order to contract structure 22. During actuation, second end 53 of member 30 is pulled
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toward contracting-member-receiving element 574 until stopper 572 engages with
contracting-member-receiving element 574. Upon continued actuation of mechanism 28,
and once stopper 572 engages element 574, then contracting member 30 contracts implant
22. Contracting-member-receiving element 574 thus ensures that (1) contracting member
30 remains positioned along an upper portion of sleeve 26, and (2) that the lumen of
sleeve 26 is mostly free of member 30, such that member 30 will not get in the way of or

be entangled during implantation of anchors 38.

It is to be noted that deflection element 570 may be used independently or in
combination with any one of approximating elements 551 shown herein, namely, shaft
553 and thread 552 (shown in Figs. 10A-B and 12) and/or spring 560 (shown in Figs. 11
and 12) in order to facilitate compressing of at least a portion of portion 510 defining

excess portions of sleeve 26 that are not anchored to the annulus.

Figs. 14A-B show a system 280 comprising an implant structure 281 and closure
element 290 comprising a closure mechanism comprising self-closing strips 282a and
282b, in accordance with some applications of the present invention. Implant structure
281 is generally similar to implant structure 22, as described hereinabove with reference
to Figs. 1 and 4, for example, with the exception that implant structure comprises a
closure element 290 at proximal end 49 of structure 281. Closure element 290 comprises

strips 282a and 282b.

Strips 2824 and 282b are typically coupled to (e.g., by being threaded through)
portions of proximal end 49 (i.e., a first free end) of sleeve 26 of structure 281 in the
vicinity of an opening 25. Proximal end 49 of sleeve 26 is shaped so as to define an
opening 25 for passage thercthrough of manipulator 24 (described hereinabove) into a
lumen of sleeve 26Strips 282a and 282b define generally arcuate elements which
comprisc a flexible material (e.g., nitinol). Strips 282a and 282b have a tendency to close
and assume the configuration shown in Fig. 14B. Strips 282a and 282b are opened from
their closed state when a tool (e.g., such as manipulator 24, as shown, and described
hereinabove with reference to Figs. 2G-1 or 3, or delivery tube 332 described hereinbelow
with reference to Figs. 24A-E and 25A-D) is advanced within the lumen of sleeve 26 (as
shown in Fig. 14A). Once the tool is removed from within the lumen, strips 282a and
282b assume their biased state thereby closing opening 25 at proximal end 49 of structure
281. Thus, strips 282 are automatically-activatable when the delivery tool is removed

from the lumen of sleeve 26.

86



10

15

20

25

30

WO 2012/176195 PCT/IL2012/000250

Strips 282a and 282b are coupled to respective sirings 284 which couple Strips
282a and 282b to sleeve 26. Strings 284 are crimped together by a crimp 286.

As shown in Fig. 14A, manipulator 24 is advanceable within the lumen of sleeve
26 so as to facilitate anchoring of structure 281 using anchors 38, in a manner as described
herein with reference to Figs. 2A-1, 3, and 17A-C, with regard to the implantation of
implant structure 22 along the annulus of the mitral valve. Following the anchoring,
contracting mechanism 28 is actuated in order to adjust a dimension of structure 281. As
described hereinabove, contracting mechanism 28 adjusts a tension of contracting member
30 coupled thereto. Contracting mechanism 28 and contracting member 30 are coupled to
sleeve 26. Since contracting member 30 is threaded through sleeve 26 one or more times,
as shown, the adjusting of the tension of contracting mechanism 30 adjusts the dimension
of sleeve 26 and thereby, of implant structure 281. Following the adjusting, manipulator
24 is then removed from the body of the patient, allowing strips 282a and 282b to close
around opening 25, and structure 281 remains within the heart. It is to be noted that
structure 281 may comprise a stiffening element described hereinbelow with reference to

Fig. 15.

Figs. 15 and 16 are schematic illustrations of a system 131 for repairing a dilated
atrioventricular valve, such as a mitral valve, in accordance with some applications of the
present invention. System 131 comprises an adjustable implant structure 133, shown
alone in Fig. 15 in a non-contracted state, and anchor deployment manipulator 24, shown
alone in Fig. 16. For some applications, implant structure 133 comprises an annuloplasty
ring, e.g., a partial annuloplasty ring. Implant structure 133 comprises a flexible sleeve
26. At least a distal portion of anchor deployment manipulator 24 is advanceable within
sleeve 26, as shown hercinbelow, and, from within the sleeve, deploys a plurality of tissue
anchors through a wall of the sleeve into cardiac tissue, thereby anchoring or otherwise
fastening implant structure 133 around at least a portion of the valve annulus. Typically,
sleeve 26 has a length of between 50 mm and 150 mm (e.g., between 70 mm and 120
mm), and a diameter of between 1 mm and 10 mm (e.g., between 2.5 mm and 3.5 mm).
Implant structure 133 is generally similar to implant structure 22, as described
hereinabove with reference to Figs. 1 and 4, for example, with the exception that implant

structure comprises a closuze element 290 at proximal end 49 of structure 133.

Sleeve 26 is typically configured to be placed only partially around the valve

annulus (i.e., to assume a C-shape), and, once anchored in place, to be contracted so as to
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circumferentially tighien the valve annulus. Alternatively, implant structure 133 is
configured to be placed entirely around the valve annulus. In order to tighten the annulus,
implant structure 133 comprises a contracting mechanism 28 that actuates a flexible
elongated contracting member 30 which extends along implant structure 133.  As shown,
contracting member 30 is threaded one or more times through sleeve 26. For applications
in which implant structure 133 comprises a partial annuloplasty ring as shown, sleeve 26
comprises first and second free ends, respectively (i.e., proximal and distal ends 49 and
51, respectively). Proximal end 49 (i.e., a first free end) of sleeve 26 is shaped so as to
define an opening 25 for passage therethrough of manipulator 24 into a lumen of sleeve
26. Proximal end 49 is shaped so as to provide a first end flap 27 which is coupled to
(e.g., by being looped through) a portion of contracting member 30. When contracting
mechanism 28 is actuated, contracting member 30 is pulled or released in order to close or
open flap 27 over opening 25. Thus, implant structure 133 comprises a closure element
(e.g., closure element 290) for closing opening 25. For such an application, closure
element 290 comprises flap 27 and the portion of contracting member 30 coupled thereto.

Typically, closure element 290 is remotely-controlied by the operating physician.

Following the closing of flap 27 over opening 25, contracting mechanism 28
facilitates contracting of implant structure 133. Contracting mechanism 28 is described in
more detail hereinbelow. In addition, system 131 comprises a plurality of tissue anchors,
typically between about 5 and about 20 anchors, such as about 10 or about 16 anchors.
The anchors are configured to be deployed through the wall of sleeve 26 by anchor
deployment manipulator 24. The insertion of the anchors into the sleeve and deployment

of the anchors into cardiac tissue is described in detail hereinbelow.

It is noted that although closure element 290 is shown in Fig. 15 as including
closure element 290, the scope of the present invention includes using other closure
elements for closing opening 25. For example, a plug (such as a silicone plug) may be
used to close the opening. Or, an elastomeric band (such as a silicone band) may be
configured to automatically close the opening, upon removal of the manipulator
therefrom.  Or, flap 27 may be folded over and an anchor (e.g., a tissue anchor 38, as

described herein) may be used to anchor the folded-over flap to the patient’s tissue.

Typically, the closure elements described herein reduce the likelihood of a

thrombosis forming inside sleeve 26, by closing opening 25, relative to if opening 25 were
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left opened. Alternatively or additionally, the closure elements described herein are used

to close opening 25 for a different reason.

Typically, the closure of opening 25 (e.g., using the closure elements described
herein) and the deployment of implant structure 133 is performed during a single
procedure, e.g., by deploying the implant structure and closing opening 25 via a single
catheter. For some applications (not shown), sleeve 26 defines openings 25 at first and
second ends thereof, and closure clements are used to close the openings at the first and

second ends of the sleeve.

Flexible sleeve 26 may comprise a braided, knitted, or woven mesh or a tubular
structure comprising ePTFE or DACRON (TM). For some applications, the braid
comprises metal and fabric fibers. The metal fibers, which may comprise Nitinol for
example, may help define the shape of the sleeve, e.g., hold the sleeve open to provide
space for passage and manipulation of deployment manipulator 24 within the sleeve. The
fabric fibers may promote tissue growth into the braid. Optionally, the sleeve is
somewhat elastic, which gives the sleeve a tendency to longitudinally contract, thereby
helping tighten the sleeve. For example, the sleeve may be bellows-shaped or accordion-

shaped.

Reference is now made to Figs. 15, 16, and 17A-C, which are schematic
illustrations of a procedure for implanting implant structure 133 to repair a mitral valve, in
accordance with some applications of the present invention. It is to be noted that structure
133 may be implanted in the same manner as structure 22, described hereinabove with
reference to Figs. 2A-T and 3. Typically, the sleeve is configured to have a tendency to
assume a straight shape. This straightness helps the surgeon locate the next site for each
subsequent anchor during the implantation procedure, as described hereinabove with
reference to Figs. 2A-1. For example, because sleeve 26 assumes a generally straight
shape, the sleeve may help provide an indication of distance between adjacent anchoring

sites.

As shown, sleeve 26 is configured to have a controllably variable stiffness. For
example, one or more generally stiff stiffening elements 136 (shown in Fig. 1), e.g., a wire
or a suture, is threaded one or more times (e.g., a plurality of times) through sleeve 26 to
provide the stiffness, and subsequently be removed at the conclusion of the implantation

procedure when the stiffness is no longer useful, as is described hereinbelow. Since
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manipulator 24 and components that are slidable therein are deflectable and steerable,
stiffening element 136 helps maintain the relative positioning of manipulator 24 with
respect to sleeve 26 in order to prevent manipulator 24 from deploying an anchor through
sleeve 26 in a vicinity of contracting member 30. That is, stiffening element 136 helps
maintain the shape and integrity of structure 26 (i.e., prevents flailing of sleeve 26). For
some applications, element 136 is pulled directly by an operating physician. For other
applications, element 136 is coupled to a portion of manipulator 24 or a component that is
slidable within a lumen of manipulator 24, and is pulled either by the manipulator or any
component thereof. Stiffening element 136 helps ensure that the anchors are deployed

through sleeve 26 without interfering with contracting member 30,

Elongated contracting member 30 comprises a wire, a ribbon, a rope, or a band,
which typically comprises a flexible and/or superelastic material, e.g., nitinol, polyester,
stainless steel, or cobalt chrome. For some applications, the wire comprises a radiopaque
material. For some applications, contracting member 30 comprises a braided polyester
suture (e.g., TICRON(TM)). For some applications, contracting member 30 is coated
with polytetrafluorocthylene (PTFE). For some applications, contracting member 30

comprises a plurality of wires that are intertwined to form a rope structure.

By being threaded or sewn through sleeve 26, contracting member 30 is positioned
at least partially within a lumen of the sleeve 26 alternatingly inside and outside of the
sleeve along the length of the sleeve. Optionally, sleeve 26 defines an internal channel
within which member 30 is positioned (configuration not shown). Alternatively, the
contracting member is disposed outside the lumen of the sleeve, such as alongside an
outer wall of the sleeve. For example, sleeve 26 may define an external channel within
which member 30 is positioned, or the sleeve may comprise or be shaped so as to define
external coupling clements, such as loops or rings (configuration not shown). For some
applications, contracting member 30 is positioned approximately opposite the portion of

sleeve 26 through which the anchors are deployed, as described hereinabove.

For some applications of the present invention, contracting mechanism 28
comprises a rotatable structure, such as a spool. The rotatable structure is arranged such
that rotation thereof contracts implant structure 133. For some applications, a first end
portion of contracting member 30 is coupled to the spool (e.g., by being looped through a
portion of the spool). For some applications, contracting mechanism 28 further comprises

a housing 44 that houses the rotatable structure, e.g., the spool. A braided fabric mesh 41
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surrounds housing 44 so as to facilitate implantation thereof and induce fibrosis around
housing 44. The spool is positioned in a vicinity of (e.g., within 1 cm of) end 51 of sleeve
26, as shown. As shown, a second end portion of contracting member 30 is coupled to
sleeve 26 in a vicinity of (e.g., within 0.5 cm of) end 49 of the sleeve 26, opposite end 51
to which the contracting mechanism 28 is positioned. Typically, contracting mechanism

28 is sutured to sleeve 26 by coupling threads 31.

In the configuration shown, the second end portion of contracting member 30 is
looped through a portion of flap 27 and extends back toward end 51 of sleeve 26. The
second end portion of contracting member 30 is coupled to sleeve 26 in a vicinity of
proximal end 49 of the sleeve at a distance of between 0.2 cm and 2 cm from end 49.
Since contracting member 30 is looped through a portion of contracting mechanism 28,
the free ends of contracting member 30 are brought together, and together serve as the
second end portion of contracting member 30. Alternatively, contracting member 30 is
not looped through a portion of contracting mechanism 28, a first end of contracting
member 30 is fixedly coupled to contracting mechanism 28, while a second end of
contracting member 30 defines the second end portion that is coupled to the portion of

sleeve 26.

The second end portion of member 30 is coupled to sleeve 26 by contraction-
restricting elements 138, e.g., crimping elements 132 and 134. Crimping elements 132
and 134 restrict contraction of a contraction-restricted portion 52 (or non-contraction-
facilitated portion) of sleeve 26 that has a length of between 5 mm and 30 mm. For some
applications, the crimping elements are disposed such that the contraction-restricted
portion of the sleeve is between 3 and 45 mm from one end of the sleeve. The remaining
portion of sleeve 26, i.e., a contraction-facilitated portion 153 (or contractible portion) is
contractible and expandable in response to respective tightening or looseming of
contracting member 30 responsively to the actuation of contracting mechanism 28. Thus,
while contraction of implant structure 133 is being ongoing (i.e., while contraction-
facilitated portion 153 is being contracted), contraction-restricted portion 52 is restricted
from being contracted. For some applications, contraction-restriction portions, each
having a length of between 5 mm and 30 mm are disposed, are disposed in the vicinity of

both ends of sleeve 26.

Rotation of the spool of contracting mechanism 28 in a first rotational direction

winds a portion of contracting member 30 around the spool, thereby pulling the far end of
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implant structure 133 toward the spool and shortening and tightening implant structure
133.

Alternatively, in some configurations, contracting mechanism 28 is positioned at
an intermediary position along the sleeve, rather than in a vicinity of one of the ends. For
these configurations, contracting member 30 comprises two contracting members, which
are respectively connected to the two ends of the sleeve, and both of which are connected
to the spool. Rotating the spool contracts both contracting members. These
configurations may be implemented using techniques described in US Patent Application
12/341,960 to Cabiri (published as US 2010/0161047), which is incorporated herein by

reference, with reference to Fig. 15 thereof.

For other applications, contracting member 30 comprises at least one wire (e.g.,
exactly one wire) that passes through a coupling mechanism of the spool of contracting
mechanism 28, in order to couple the wire to the spool. As described hereinabove, the
free ends of contracting member 30 are brought together, and together serve as the second
end portion of contracting member 30, and may be coupled to one of the several locations
of sleeve 26 mentioned hereinabove. In this configuration, approximately the longitudinal

center of the wire serves as first end of the contracting member.

Fig. 16 shows manipulator 24 comprising elongate outer tube 66 (sometimes
referred to herein, including in the claims, as a "deployment manipulator tube") having a
tube lumen and a distal end 64 which defines an opening for passage therethrough of the
one or more anchors. Typically, the one or more anchors are coupled to an anchor driver
(as described hereinbelow) which slides through the lumen of manipulator 24 (i.e.,,
through tube 66). A proximal implant-advancement tube 33 slides along tube 66 of
manipulator 24. A distal end of implant-advancement tube 33 is coupled to a coupler 139
which increases friction at a distal end of implant-advancement tube 33 so as to facilitate a
sliding of implant-advancement tube 33 along tube 66 of manipulator 24, while
temporarily maintaining the distal end of implant-advancement tube 33 in place with
respect to tube 66 of manipulator 24. Coupler 139 comprises one or more (e.g., two, as
shown) coupling elements 29 which are configured to removably couple the distal end of
implant-advancement tube 33 to proximal end 49 of sleeve 26, as described hereinbelow.

Coupling elements 29 hold sleeve 26 surrounding deployment manipulator 24.
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For some applications, coupling elements 29 are configured to have a natural
tendency to flex inwards toward a central longitudinal axis of tube 33, and the tube 66,
when positioned within the lumen of sleeve 26, pushes coupling elements 29 outwards
away from the longitudinal axis, thereby causing coupling elements 29 to engage sleeve
26. For example, coupling elements 29 may be curved to define outwardly-directed ends
that push against or pierce sleeve 26. Such pushing against or piercing engages sleeve 26,
which, as mentioned above, may comprise braided or woven fabric. Upon removal of
tube 66 from within sleeve 26, coupling elements 29 are allowed to assume their natural
inwardly-flexed position, thereby releasing sleeve 26 from the coupling elements, and

decoupling the sleeve from implant-advancement tube 33.

Figs. 17A-C are schematic illustrations of manipulator 24 advanced into a lumen
of sleeve 26 of implant structure 133 in order to deploy one or more tissue anchors 38, in
accordance with some applications of the present invention. Anchor deployment
manipulator 24 is advanced into a lumen of sleeve 26, and, from within the lumen,
deploys anchors 38 through a wall of the sleeve and into cardiac tissue, thereby anchoring
the sleeve around a portion of the valve annulus. Typically, implant structure 133 and
anchor deployment manipulator 24 are introduced into the heart via a sheath 104, as

described hereinabove with reference to Figs. 2A-1 and 3.

As shown in Fig. 17B, an anchor driver 68 is slidable within a lumen of tube 66 of
manipulator 24. Anchor driver 68 is coupled at a distal end thereof to a driving interface
69 that is either male (e.g., comprising a screwdriver head, having, such as a slot-head, an
Allen-head, a Phillips-head, a Robertson-head, or a hex-head) or female (e.g,, comprising
a wrench head, having, for example, a square or hex opening), as appropriate for the
driving interface provided. Anchor driver 68 is steerable and deflectable independently of

the steerability and deflectability of tube 66 of manipulator 24.

For some applications, at least one of anchors 38 is deployed from a distal end 60
of deployment manipulator 24 while the distal end is positioned such that a central
longitudinal axis 62 through distal end 60 of deployment manipulator 24 forms an angle
of between about 45 and 90 degrees with the wall of sleeve 26 at the point at which the
anchor penetrates the wall, such as between about 75 and 90 degrees, e.g., about 90
degrees (as shown hereinabove with reference to Figs. 2A-1 and 3). For other
applications, as shown in Fig. 17B, at least one of anchors 38 is deployed from driving

interface 69 while interface 69 is positioned such that a central longitudinal axis through
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the distal end of interface 69 forms an angle of between about 45 and 135 degrees with the
wall of sleeve 26 at the point at which the anchor penetrates the wall, such as between
about 75 and 100 degrees, e.g., about 90 degrees. Thus, manipulator 24 has steerability
and anchor driver 68 has steerability that is independent from the steerability of
manipulator 24. For some applications of the present invention, the steerability of

manipulator 24 is in a different plane than the steerability of anchor driver 68,

This anchor-penetration point is typicaily at a portion of the sleeve that extends
distally beyond distal end 64 of deployment manipulator 24. Typically, all of the anchors
are deployed at such angles, with the possible exception of the first anchor deployed near

the distal end of the sleeve.

Reference is now made to Fig. 17B. As shown, deployment manipulator 24
comprises outer tube 66 and anchor driver 68 which is at least partially positioned within
tube 66. Anchor driver 68 comprises an clongated, flexible shaft 70, having at its distal
end a driver head 72. Rotation of anchor driver 68 screws anchors 38 into the cardiac
tissue. Each of anchors 38 is shaped so as to define a coupling head 74 and a tissue
coupling element 76. The anchors are typically rigid. Tissue coupling elements 76 may,
for example, be helical or spiral in shape (e.g., having the shape of a corkscrew), as shown
in the figures, may comprise screws, or may have other shapes. Coupling heads 74 may
be either male (e.g., a hex or square protrusion) or female (e.g., a straight slot, a hex
opening, a Phillips opening, or a Robertson opening). The use of helical anchors, which
are screwed into the cardiac tissue, generally minimizes the force that needs to be applied
during deployment of the anchors into the cardiac tissue. Alternatively, the anchors may
comprise staples, clips, spring-loaded anchors, or other tissue anchors otherwise known in

the art.

For some applications, outer tube 66 of deployment manipulator 24 is steerable, as
known in the catheter art. To provide steering functionality to deployment manipulator
24, outer tube 66 typically comprises one or more steering wires, the pulling and releasing

of which cause deflection of the distal tip of the tube.

For some applications of the present invention, each of tissue coupling elements
76 is shaped so as to define a longitudinal axis 78 (shown in Fig. 3B), and is configured to
penetrate the cardiac tissue in a direction parallel to longitudinal axis 78. Deployment

manipulator 24 is configured to deploy tissue coupling element 76 from distal end 64 of
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the deployment manipulator through the wall of sleeve 26 in a direction parallel to
longitudinal axis 78 and parallel to a central longitudinal axis through a distal end of

deployment manipulator 24 (i.e., axis 65 is shown hereinabove in Fig. 3).

For some applications, the plurality of anchors are applied using the deployment
manipulator by loading a first one of the anchors onto the anchor driver, and deploying
the anchor into the cardiac tissue. The anchor driver is withdrawn from the patient's body
(typically while leaving outer tube 66 of the deployment manipulator in place in the
sleeve), and a second one of the anchors is loaded onto the anchor driver. The anchor
driver is reintroduced into the outer tube of the deployment manipulator, and the second
anchor is deployed. These steps are repeated until all of the anchors have been deployed.
Alternatively, the entire deployment manipulator, including the anchor driver, is removed
from the body and subsequently reintroduced after being provided with another anchor.
Techniques for use with the refillable deployment manipulator may be practiced in
combination with techniques described in US Patent Application 12/689,635 to Zipory et
al. (published as US 2010/0280604), entitled, "Over-wire rotation tool," filed J anuary 19,
2010, which is incorporated herein by reference, and with techniques described in PCT
Patent Application PCT/IL2010/000358 to Zipory et al. (published as WO 10/128503),
entitled, "Deployment techniques for annuloplasty ring," filed May 4, 2010, which is
incorporated herein by reference. Further alternatively, the deployment manipulator is
configured to simultaneously hold a plurality of anchors, and to deploy them one at a

time.

Reference is again made to Figs. 17A-C. Fig. 17A shows the slidable
advancement of manipulator 24 through the lumen of sleeve 26 of implant structure 133.
Manipulator 24 slides proximally from distal end 51 of sleeve 26 in order to facilitate
implantation of anchors 38 within cardiac tissue of the patient. As shown in Fig. 17B, a
first tissue anchor 38 is implanted in a vicinity of end 51 (e.g., at end 51 as shown).
Anchor 38 is implanted when anchor driver 68 is rotated in order to corkscrew anchor 38
into the tissue. Following the anchoring of anchor 38 in the vicinity of end 51,
manipulator 24 is withdrawn proximally so as to anchor a second anchor 38 into cardiac

tissue,

Typically, the first anchor 38 is deployed most distally in sleeve 26 (generally at or
within a few millimeters of end 51 of sleeve 26), and each subsequent anchor is deployed

more proximally, such that sleeve 26 is gradually pulled off (i.e., withdrawn from)
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deployment manipulator 24 in a distal direction during the anchoring procedure.
Typically, as the sleeve is pulled off the deployment manipulator, the deployment
manipulator is moved generally laterally along the cardiac tissue, as shown in Figs. 17B-
C.

The pushing of sleeve 26 distally from manipulator 24 is facilitated by implant-
advancement tube 33. Implant-advancement tube 33 passes over outer tube 66 of
manipulator 24, and pushes gently in a distal direction on proximal end 49 of sleeve 26.
The implant-advancement tube is held in place against proximal end 49 of slceve 26,
typically by an external control handle (not shown for clarity of illustration) that is
coupled to respective proximal ends of manipulator 24, tube 66, anchor driver 68, and
implant-advancement tube 33. In order to release sleeve 26, outer tube 66 is retracted
proximally, while implant-advancement tube 33 remains in place to apply a reference
force to sleeve 26 with respect to outer tube 66, helping advance and release sleeve 26
from outer tube 66, as tube 66 is withdrawn. If the implant-advancement tube were not
provided, the wall of sleeve 26 might snag on outer tube 66 (as mentioned above, the
sleeve may comprise braided or woven fabric). In addition, if such snagging occurs,
gentle pushing with the implant-advancement tube in the distal direction may help free the

snag.

In the configuration shown in Fig. 17A, implant-advancement tube 33 comprises
one or more coupling elements 29 (such as exactly one coupling element or exactly two
coupling elements) at a distal end of tube 38. Coupling elements 29 are configured (o
removably couple proximal end 49 of sleeve 26 to the distal end of implant-advancement
tube 33, thereby preventing sleeve 26 from moving distally with respect to outer tube 66
of deployment manipulator 24, such as using the external control handle, while
manipulator 24 is pulled proximally. Alternatively, both implant-advancement tube 33
and manipulator 24 are pulled proximally (e.g., by pulling proximally the external control
handle) and implant-advancement tube 33 thereby applies a passive counter force in order
to resist proximal end 49 of sleeve 26 in a manner in which, responsively to the passive

force, proximal end 49 of sleeve 26 is advanced distally.

During the anchoring procedure, stiffening element 136 maintains relative
dispositions of manipulator and/or anchor driver 68 with respect to sleeve 26. As shown,
stiffening element 136 is threaded along sleeve 26. The relative stiffness of stiffening

clement 136 to the flexibility of sleeve 26 maintains sleeve 26 in a relative spatial
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configuration in which contracting member 30 remains above tube 66 of manipulator 24
and/or anchor driver 68. In such a manner, stiffening clement 136 helps ensure that
anchors 38 do not interfere with contracting member 30 and that the portion of sleeve 26
that is opposite contracting member 30 is anchored to the anmulus. Stiffening element 136
is loosely coupled (i.e., is not fixed by being knotted or otherwise fastened) to a distal end
35 thereof (shown in Fig. 3A) to a distal portion of sleeve 26 in a vicinity of end 51 of
sleeve 26. A proximal end of stiffening element 136 is coupled to a coupler 37 (or a ring)
which is coupled to implant-advancement tube 33. As sleeve 26 is slid gradually distally
from outer tube 66 of manipulator 24, as described hereinabove, since coupler 37 is fixed
to implant-advancement tube 33, the successive distal portions of stiffening element 136
are decoupled, by being unthreaded, from sleeve 26 responsively to the distal sliding of

sleeve 26 from tube 66 of manipulator 24.

Fig. 17C shows anchoring of an additional tissue anchor 38 to the annulus of the
valve. As described hereinabove, with each successive anchor 38 that is deployed,
successive portions of sleeve 26 are slid of tube 66 of manipulator 24. For some

applications, portions of stiffening element 136 are unthreaded from sleeve 26.

Following the anchoring of sleeve 26 by anchoring a suitable number of anchors
around a desired portion of the annulus of the valve, sleeve 26 is slid off of manipulator
24 and decoupled from coupling elements 29 in order to release sleeve 26 from coupling
elements 29. Proximal withdrawal of outer tube 66 from sleeve 26 (into or through
implant-advancement tube 33) allows coupling elements 29 to assume their natural
inwardly-flexed position, thereby releasing sleeve 26 from the coupling elements, and
decoupling the sleeve from the implant-advancement tube. As described hereinabove,
sleeve 26 is advanced off deployment manipulator 24, including outer tube 66, in a distal
direction during the anchoring procedure. Outer tube 66 of deployment manipulator 24 is
proximally withdrawn completely from the sleeve at the conclusion of the anchoring
procedure. The flexing of the coupling elements releases the sleeve at the conclusion of
the procedure. As implant-advancement tube 33 is decoupled from sleeve 26 and is
withdrawn proximally, implant-advancement tube 33 pulls on stiffening clement 136 in

order to entirely decouple, by unthreading stiffening element 136 from sleeve 26.

Reference is now made to Fig. 17D, which is a schematic illustration of implant
structure 133 anchored to the annulus of a mitral valve 130 of the patient, in accordance

with some applications of the present invention. A plurality of tissue anchors (e.g., 8
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tissue anchors as shown by way of illustration and not limitation) anchor implant structure
133 to the annulus. As shown, in some applications of the present invention, proximal
end 49 of structure 133 is anchored in a vicinity of a first trigone 142 (e.g., at first trigone
142) of valve 130 by a first anchor 137, and distal end 51 of structure 133 is anchored in a
vicinity of a second trigone 144 (e.g., at second trigone 144) of valve 130 by a second
anchor 129. In such an embodiment in which proximal and distal ends 49 and 51 are
anchored to the annulus of the valve, both contraction-restricted portion 52 of sleeve 26
and contraction-facilitated portion 153 of sleeve 26 are disposed along a portion of the
annulus that is between trigones 142 and 144 and along a junction of the annulus and a
posterior leaflet 14 and portions of anterior leaflet 12. In such an application, since
contraction-restricted portion 52 is disposed along the portion of the annulus, only a
section of the portion of the annulus (i.e., the section along which contraction-facilitated
portion 153 is disposed) is contracted by implant structure 133. For some applications,
the sleeve defines two contraction-restricted portions 52, as described hereinabove. For
such applications, typically upon implantation of the sleeve at the annulus, the

contraction-restriction portions are disposed in the vicinity of trigones 142 and 144.

Fig. 17D shows implant structure 133 following extraction of manipulator 24 from
within the lumen of sleeve 26. Immediately following the extraction of manipulator 24,
flap 27 of closure element 290 is disposed in an opened state, as shown. Additionally,
implant structure 133 is shown in a non-contracted state having an angle « (alpha)
between respective longitudinal axes 78 of successive anchors 38, angle « being between

10 degrees and 30 degrees.

As shown in Figs. 15 and 17A-D, implant structure 133 comprises a contracting
mechanism, such as contracting mechanism 28. Contracting mechanism 28 comprises a
rotatable structure, arranged such that initial rotation of the rotatable structure in a first
rotational direction in order to pull contracting member 30, closes flap 27 over the
opening at end 49 of implant structure 133, and further rotation of the rotatable structure
in the first rotational direction contracts at least a portion (e.g., the entire contraction-
facilitated portion 153) of implant structure 133. It is to be noted that the rotatable
structure is capable of being rotated bidirectionally such that following rotation of the
rotatable structure in the first rotational direction in order to contract implant structure
133, the rotatable structure may be rotated initially in a second rotational direction that is

opposite the first rotational direction, in order slacken contracting member 30 to expand at
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least a portion (e.g., the entire contraction-facilitated portion 153) of implant structure
133. In response to further rotation of the rotatable structure in the second rotational
direction, flap 27 is opened. Implant structure 133 further comprises a longitudinal
member 86, such as a wire, which is coupled to contracting mechanism 28 and passes out

of the body of the patient.

Reference is now made to Figs. 17E-F, which are schematic illustrations of a
rotation tool 80 used to facilitate contraction of implant structure 133 by actuating
contracting mechanism 28. A tool, such as rotation tool 80, is provided for rotating the
rotatable structure. Tool 80 is configured to be guided over longitudinal member 86, to
engage the rotatable structure of contracting mechanism 28, and to rotate the rtotatable

structure in response to a rotational force applied to the tool.

Reference is now made to Figs. 17D-E. As shown in Fig. 17D, contracting
mechanism 28 is shaped so as to provide a driving interface 48 which facilitates coupling
of rotation tool 80 to the rotatable structure of contracting mechanism 28. Tn order to
readily bring the rotation tool to driving interface 48, rotation tool 80 is guided over (as
shown in Fig. 3E) the longitudinal member, or alongside the longitudinal member
(configuration not shown). Alternatively, longitudinal member 86 comprises a suture or
other highly flexible element. For some applications, the longitudinal member comprises
a tube, through which rotation tool 80 is passed to bring the tool to the driving interface
48. For some applications, longitudinal member 86 has a diameter of between 0.1 and 1

mm, such as 0.4 mm.

For some applications, longitudinal member 86 is looped through contracting
mechanism 28, and both ends of the longitudinal member are brought together and extend
outside of the patient's body. The longifudinal member is decoupled from the contracting
mechanism by releasing one end of the longitudinal member, and pulling on the other end

to draw the longitudinal member away from the contracting mechanism.

For some applications, contracting mechanism 28 is positioned in a vicinity of
(e.g., within 1 cm of) distal end 51 of sleeve 26, and access to driving interface 48 is
provided from outside sleeve 26, as shown in Figs. 17E-F (in which the contracting

mechanism is positioned in a vicinity of end 51 of the sleeve).

For some applications in which access to driving interface 48 is provided from

outside sleeve 26, the rotation tool is initially removably attached to the driving interface,
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prior to the commencement of the implantation procedure, and is subsequently decoupled
from the driving interface after the rotatable structure has been rotated. In these
applications, contracting mechanism 28 may be positioned in a vicinity of distal end 51 or
proximal end 49 of sleeve 26, or at an intermediate location along the sleeve. Optionally,
at least a portion of a shaft of the rotation tool is positioned within a sheath 89 which

advances through an access sheath that is disposed within the vasculature of the patient.

Fig. 17E shows implant structure 133 prior to contraction thercof, Contracting
mechanism 28 is initially rotated in a first rotational direction so as to close tlap 27 over
the opening at end 49 of implant structure 133. As shown during the initial pulling of
contracting member 30 by initial rotation of the rotatable structure of contracting
mechanism 28, the angle between respective longitudinal axes 78 of successive anchors

38 remains angle o (alpha).

In Fig. 17F, contracting mechanism 28 is actuated further by rotation tool 80 in
order to contract at least a portion of structure 133 (i.e., at least a portion or all of
contraction-facilitated portion 153 of structure 133). As shown, an angle B (beta) between
respective longitudinal axes 78 of successive anchors 38 of contraction-facilitated portion
153, angle  being between 5 degrees and 25 degrees, and being smaller than angle o
(alpha) shown in Figs. 17D-E. Additionally, as shown in Fig. 17F, sleeve 26 at
contraction-facilitated portion 153 is shown as being in a contracted state (ie., wavy, as
shown), while sleeve 26 at contraction-restricted portion 52 is shown in a non-contracted

state (i.e., straight, as shown).

Reference is now made to Fig. 18, which is a schematic illustration showing a
portion of implant structure 133 being coupled to a portion of an atrial wall 141 of the
heart of the patient, in accordance with some applications of the present invention. For
some applications, a portion (e.g., the entire portion) of contraction-restricted portion 52
of is anchored to the portion of atrial wall 141. For such applications, the entire
contraction-facilitated portion 153 may be coupled to the annulus of valve 130 along a
portion of the annulus that is between trigones 142 and 144 and along a junction of the
annulus and a posterior leaflet 14 and portions of anterior leaflet 12. In such an
application, since contraction-restricted portion 52 is not disposed along the portion of the
annulus, the entire portion of the annulus (i.c., the section along which contraction-

facilitated portion 153 is disposed) is contracted by implant structure 133.
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It is to be noted, as shown that first anchor 137 is anchored to the annulus in a
vicinity of first trigone 142 (e.g., at first trigone 142), and second anchor 129 is anchored

to the annulus in a vicinity of second trigone 144 (e.g., at second trigone 144).

Reference is now made to Figs. 17D and 18. It is to be noted that implant
structure 133, shown in either application in Fig. 17D or 18, has the same length when
clongated along a longitudinal axis (i.e., when not formed into a curved structure, as
shown). It is to be noted that anchoring structure to the annulus of valve 130 using either
application as shown in Fig. 17D or 18 depends on the level of distention of valve 130 of
a given patient. That is, for patients having a greater degree of distention, the entire
structure 133 is coupled to the annulus along the portion thereof that is between first and
second trigones 142 and 144, respectively, and along the junction of the annulus and
posterior leaflet 14 and portions of anterior leaflet 12. For patients having a lesser degree
of distention, excess portions of structure 133 may be anchored to the portion of atrial
wall 141, It is to be noted that the portion of atrial wall 141 to which the portion of
structure 133 is anchored may be a portion of a free wall of the atrium, as shown, or a
portion of the interatrial septum (not shown). Typically, contraction-restricted portion 52

is anchored to the portion of atrial wall 141.

Reference is made to Figs. 19A-C, which are schematic illustrations of a
configuration of one of anchors 38A, in accordance with an application of the present
invention. For some applications, each of first tissue anchors 38A comprises a helical
tissue coupling element 200, and a tool-engaging head 202, fixed to one end of the tissue
coupling element (the proximal end of the tissue coupling element, opposite the distal end
that first penetrates the tissue). Anchor 38A comprises a hard material, such as metal,
¢.g., steel, Nitinol, or stainless steel SS316LVM. Anchor 38A may be manufactured from
a single piece of material, or coupling element 200 and tool-engaging head 202 may be

manufactured from separate pieces of material and fixed together.

Typically, helical tissue coupling element 200 has an inner diameter D3 of at least
1.5 mm, no greater than 2.5 mm, and/or between 1.5 and 2.5 mim, €.g., 1.8 mm, along an
entire length thereof along a central longitudinal axis 210 of the anchor (although the
inner diameter is shown as being constant along the entire length of coupling element 200,
the inner diameter optionally varies along the length of the coupling element). An outer
diameter D4 of helical tissue coupling element 200 may be, for example, at least 2.4 mm,

no greater than 5 mm, and/or between 2.4 and 5 mm, e.g., 2.4 mm.
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Tool-engaging head 202 is shaped so as to define an engaging opening 212 that
passes entirely through the tool-engaging head along axis 210. The engaging opening is
typically at least partially non-circular, such as in order to engage a rotating deployment
element of a deployment tool. For example, as shown in Figs. 5A-C, engaging opening
212 may be shaped so as to define a proximal non-circular internal engaging surface 220,
and a distal circular non-engaging surface 222. Proximal engaging surface 220 is shaped
to engage a rotating deployment element, such that rotation of the deployment element
rotates tool-engaging head 202 and anchor 38A. For example, proximal engaging surface
220 may be rectanguiar (e.g., squarc), teethed (e.g., defining a plurality of squares with
which the rotating element can engage), star-shaped, polygonal (e.g., octagonal), or any

other appropriate non-circular shape.

A portion of the deployment clement may pass partially or completely through
distal non-engaging surface 222, without engaging this surface. The non-engaging
surface may serve as a shoulder, which pushes against the tissue, providing resistance
when the anchor has been sufficiently screwed into the tissue. Optionally, the deployment
clement does not pass entirely through distal non-engaging surface 222, such that the
deployment element does not press against or into the tissue. Alternatively, the
deployment element may protrude slightly from the distal non-engaging surface 222,
when no force is applied to the deployment element by the tissue. Optionaily, when the
anchor is pressed against the tissue, inner spaces in the tool-engagement head 202 of the
anchor allow the deployment element to sink into the anchor, and not press against the
tissue. Engaging opening 212 typically has a cross-sectional area (perpendicular to axis

210) of at least 0.8 mm?2, such as at least 1.2 mm?.

For some applications, a proximal-most portion 224 of helical tissue coupling
element 200, at the end which is fixed to tool-engaging head 202, is generally straight and
oriented generally parallel to axis 210, i.e., at angle of between 0 and 15 degrees with the
axis, such as 0 degrees. Proximal-most portion 224 typically has a length of between 0.5

and 2 mm, such as about 1 mm.

The outer perimeter of tool-engaging head 202 is typically circular, and an outer
diameter D5 of tool-engaging head 202 may be, for example, at least 2. mm, no greater
than 7 mm, and/or between 2 and 7 mm, such as between 2.5 and 5 mm, €.g., 2.4 mm, 2.5

mm, or 3 mm.
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The outer diameter of anchor 38A may be, for example, at least 2 mm, no greater
than 7 mm, and/or between 2 and 7 mm, such as between 2.5 and 5 mm. The entire length
of anchor 38A, measured along axis 210, is typically at least 2.5 mm, no greater than 10
mm, and/or between 2.5 and 10 mm, such as between 3 and 4.5 mm. A length L1 of
tissue coupling element 200, measured along axis 210, may be at least 2.5 mm, no greater
than 10 mm, and/or between 2.5 and 10 mm, such as between 3 and 4.5 mm. Typically,

helical tissue coupling element 200 has between 3 and 5 turns.

The proximal end of tissue coupling element 200 is typically fixed to tool-
engaging head 202 near the outer perimeter of the tool-engaging head, such that the tissue
coupling element does not block engaging opening 212. For example, as labeled in the
top-view of the anchor in Fig. 19C, the tissue coupling element may be fixed to the tool-

engaging head such that one or more of the following dimension characterize the anchor:

. a distance D7 between (a) a center 226 of the proximal end of tissue
coupling element 200 and (b) an outer perimeter of tool-engaging head 202 is no greater
than 20% of a width D5 of tool-engaging head 202 (the width is a diameter for
applications in which the head is circular), such as no greater than 10% of width D3. For

example, distance D7 may be between 0.1 and 0.3 mm, e.g., 0.2 mm;

. a distance D8 between (a) a most radially-inward portion 228 of the |
proximal end of tissue coupling element 200 (i.e., the portion of the proximal end that is
closest to central longitudinal axis 210 of the anchor) and (b) the outer perimeter of tool-
engaging head 202 is no greater than 40% of width D5 of tool-engaging head 202 (the
width is a diameter for applications in which the head is circular), such as no greater than
30% of width D35, or no greater than 20% of width D5. For example, distance D8 may be
between 0.3 and 0.5 mm, e.g., 0.4 mm; and/or

. a distance between (a) a most radially-outward portion 230 of the proximal
end of tissue coupling element 200 (i.e., the portion of the proximal end that is furthest
from central longitudinal axis 210 of the anchor) and (b) the outer perimeter of tool-
engaging head 202 is no greater than 10% of width D5 of tool-engaging head 202 (the
width is a diameter for applications in which the head is circular), such as no greater than
5% of width D5, e.g., 0. For example, the distance may be between 0 and 0.1 mm, e.g., 0

mim.
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Anchor 384, including both helical tissue coupling element 200 and tool-engaging
head 202, is thus shaped so as to provide a channel along the entire length of the anchor,
through which a flexible inner shaft can pass, and through which a rotating deployment
element can pass when in its radially-compressed state. More generally, as shown in Fig.
5B, the channel is sized and shaped such that a right circular cylinder 232 could be placed
within the channel, coaxial with anchor 38A (i.e., the axis of the cylinder coincides with
central longitudinal axis 210 of anchor 38A), and along the entire length of the tissue
anchor, the cylinder having a diameter D6 of at least 1 mm, such as at least 2 mm. It is to
be understood that cylinder 232 is an abstract geometric shape, rather than an element of
an embodiment of the invention, and, as such, is perfectly cylindrical, i.e., is not shaped so
as to define any grooves or other surface or internal anomalies. No portion of anchor 38A

intersects central longitudinal axis 210.

Reference is made to Fig. 19D, which is a schematic illustration of a configuration
of one of second tissue anchors 38B, in accordance with an application of the present
invention. In this configuration, second tissue anchor 38B may be generally similar to
first tissue anchor 38A (e.g., as described hereinabove with reference to Figs. 19A-C),
except that second tissue anchor 38B differs from first tissue anchor 38A in size. For
example, second tissue anchor 38B may be smaller than first tissue anchor 38A.
Typically, a length L2 of tissue coupling element 200 of second tissue anchor 38B,
measured along axis 210, is less than length L1 of tissue coupling element 200 of first
tissue anchor 38A. For example, length 1.2 may be between 25% and 75% of length L1,
and/or at least 2 mm, no more than 6 mm, and/or between 2 and 6 mm, such as at least 2
mm, no more than 4 mm, and/or between 2 and 4 mm. Alternatively or additionally,
helical tissue coupling element 200 of second tissue anchor 38B has fewer turns than does
helical tissue coupling element 200 of first tissue anchor 38A. For some applications,
helical tissue coupling element 200 of second tissue anchor 38B has between 25% and
75% of the turns of helical tissue coupling element 200 of first tissue anchor 38B. For
example, helical tissue coupling element 200 of second tissue anchor 38B may have at

least one turn, no more than three turns, and/or between one and three turns.

For some applications, each of tissue coupling element 200 of first tissue anchor
38A and tissue coupling element 200 of second tissue anchor 38B is shaped so as to
define a shape selected from the group consisting of: a helix, a spiral, and a screw shaft,

and the lengths of the coupling elements are measured along a longitudinal axis of the
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shape. Alternatively or additionally, the tissue coupling element of second tissue anchor

38B has fewer turns than does the tissue coupling element of first tissue anchor 38A.

For some applications, such as when second tissue anchors 38B are helical, second
tissue anchors 38B alternatively or additionally differ from first tissue anchors 38A in that
tissue coupling elements 200 of second tissue anchors 38B are rectangular in cross-
section, rather than circular, which may provide a greater tissue surface contact area.
Alternatively or additionally, helical second tissue anchors 38B may be shaped so as to

define barbs, such as described hereinbelow with reference to Fig. 191, mutatis mutandis.

Reference is made to Fig. 19E, which is a schematic illustration of another
configuration of one of second tissue anchors 38B, in accordance with an application of
the present invention. In this configuration, each of tissue coupling elements 200 of
second tissue anchors 38B is shaped similar to a harpoon 238, which is shaped so as to
define a sharp tip 242 and plurality of spikes 244 (e.g., three) that extend toward tool-
engaging head 202. Spikes 244 are flexible (for example, they may comprise Nitinol or
another shape memory alloy). For some applications, spikes 244 are mitially crimped
straight within a bore of a needle (not shown); after the needle and spikes are inserted into
the tissue, the needle is withdrawn, leaving the spikes to expand radially outward in the
tissue, so as to assume the configuration shown in Fig. 5F. Typically, tissue coupling

element 200 is coupled to tool-engaging head 202 by a shaft 246.

Reference is made to Fig. 19F, which is a schematic illustration of another
configuration of one of second tissue anchors 38B, in accordance with an application of
the present invention. In this configuration, each of tissue coupling elements 200 is
shaped so as to define a plurality (e.g., three) spiked arms 248, which are coupled to tool-
engaging head 202 by a shaft 280, and a sharp tip 249. Spiked arms 248 typically are
flexible (for example, they may comprise Nitinol or another shape memory alloy). After
the sharp tip and spiked arms are inserted into the tissue, the spikes expand radially
outward and toward the tool-engaging head in the tissue, so as to assume the configuration

shown in Fig, 19F.

Reference is made to Fig. 19G, which is a schematic illustration of another
configuration of one of second tissue anchors 38B, in accordance with an application of

the present invention. In this configuration, each of tissue coupling elements 200 is
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shaped so as to define a screw shank 282, which is coupled to tool-engaging head 202.
Shank 282 is shaped so as to define a screw thread 284, and is typically tapered.

Reference is made to Fig. 19H, which is a schematic iHustration of yet another
configuration of one of second tissue anchors 38B, in accordance with an application of
the present invention. In this configuration, each of tissue coupling elements 200 is
shaped similar to a septal occluder, e.g., the Amplatzer® PFO Occluder (AGA Medical
Corporation, Plymouth, MN, USA). For example, tissue coupling element 200 may be
similar to the configuration shown in Figs. 12A-C of US Patent Application Publication
2009/0326648 to Machold et al., or Figs. 21A-B of US Patent Application Publication
2010/0130992 to Machold et al., both of which publications are incorporated herein by
reference. For some applications, tissue coupling element 200 comprises a mesh shaped
into first and second discs 286 and 288, and a narrower waist section 289 between the two
discs. The mesh may comprise wire, such as Nitinol, or a soft material, such as silicone.
The wall of the sleeve and the tissue of the annuls are squeezed between the first and

second discs, thereby anchoring the sleeve to the tissue.

Reference is made to Fig. 191, which is a schematic illustration of another
configuration of one of second tissue anchors 38B, in accordance with an application of
the present invention. In this configuration, each of tissue coupling elements 200 is
shaped as a shaft 294 from which barbs 296 protrude radially outward and away from the

tip of the tissue coupling elements,

For some applications, second tissue anchors 38B comprise sutures which are

placed using a delivery tool.

Reference is made to Fig. 19, which is a schematic illustration of a configuration
of a third tissue anchor 38C, in accordance with an application of the present invention.
In this configuration, third tissue anchor 38C may be generally similar to first tissue
anchor 38A (e.g., as described hereinabove with reference to Figs. 19A-C), except that
helical tissue coupling element 200 of third tissue anchor 38C extends from a middle
portion of tool-engaging head 202. In such an application, tool-engaging head 202 is not
a channel, but rather provides a female groove for engaging a tool to head 202. Head 202
provides a surface in a middle portion thereof to which is coupled proximal-most portion

224 of helical tissue coupling element 200.
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For some applications, third tissue anchor 38C comprises a suture which is placed

using a delivery tool.

Reference is made to Fig. 20, which is a schematic illustration of an alternative
closed-loop configuration of implantable structure 22, in accordance with an application
of the present invention. In this configuration, flexible sleeve 26 is shaped so as to define
an integrally closed loop having no sleeve ends. For some applications, anchors 38
deployed along anterior portion 116 of the annulus are of a different configuration from
anchors 38 deployed along the remainder of the annulus, as described hereinabove with
reference to Figs 4-5 and 19A-J. The anchors may be cbnfigured as any one of the

anchors described hereinabove with reference to Figs. 19A-].

Typically, contracting member 30 does not extend along the portion of sleeve 26
deployed along anterior portion 116 of the annulus. The portion of the sleeve deployed
along anterior portion 116 of the annulus (between the trigones) is thus non-contractible.
Tightening of implantable structure 22 therefore tightens at least a portion of the posterior
portion of the annulus, while preserving the length of anterior portion 116 of the annulus.
(The anterior portion of the annulus should generally not be contracted because its tissue
is part of the skeleton of the heart.) However, the portion of the sleeve deployed along the
anterior portion of the annulus prevents dilation of the anterior annulus, because the
sleeve is anchored at both ends of the anterior annulus, and, as mentioned above, the
sleeve typically comprises a longitudinally non-extensible material. This deployment
configuration may help prevent long-term resizing of the anterior annulus, which

sometimes occurs after implantation of partial annuloplasty rings, such as C-bands.

For some applications, the non-contractible portion of sleeve 26 (the portion
without contracting member 30) extends somewhat beyond one or both of trigones 142 or
144 (in the posterior direction, away from anterior portion 116 of the annulus), such as up

to 20 mm, such as up to 10 mm.

For some applications, at least one anchor 38 is coupled to cardiac tissue on the
posterior side of right fibrous trigone 144, between the trigone and the end of contracting
member 30. Similarly, at least one anchor 38 may be coupled to cardiac tissue on the
posterior side of left fibrous trigone 142, between the trigone and the other end of
contracting member 30 (which, for some applications, is coupled to contracting

mechanism 28, as shown in Fig. 20).
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Reference is now made to Figs. 21 and 22, which are schematic illustrations of
another configuration of implantable structure 22, in accordance with an application of the
present invention. Fig. 21 shows implantable structure 22 in a relaxed, non-contracted
state, and Fig. 22 shows the implantable structure implanted around mitral valve 130.
This configuration of implantable structure 22 is generally similar to the configuration
described hereinabove with reference to Fig. 1, except as follows. In this configuration,
implantable structure 22 further comprises an elongated linking member 250, which is
positioned at least partially along anterior portion 116 of the annulus, so as to join the
ends of implantable structure 22 in a complete loop. Over time after implantation, linking
member 250 becomes fixed to anterior portion 116 of the annulus, thereby helping
prevent long-term dilation of the anterior annulus. Typically, at least a portion (e.g., at
least 30%, such as at least 75% or at least 90%) of a length of linking member 250 is
disposed within and covered by sleeve 26, into and/or over which fibrous tissue grows
over time, helping anchor the linking member to tissue of the anterior annulus.
Alternatively or additionally, a separate flexible slecve or a coating (e.g., a polymeric
coating) may be provided that covers at least 20%, e.g., between 20% and 80%, of the
linking member. Typically, in the configuration of implantable structure 22 shown in

Figs. 21 and 22, none of anchors 38 is coupled to anterior portion 116 of the annulus.

Linking member 250 has first and second linking member ends 252 and 254.
Second linking member end 254 comprises (e.g., is shaped so as to define, or is fixed to) a
first coupling element 256. First linking member end 252 is disposed longitudinally
between second linking member end 252 and a first sleeve end (either proximal end 49, as
shown, or distal end 51, not shown), exclusive. Second linking member 254 either
protrudes from the second end of the sleeve, or is recessed within the second end of the
sleeve (as shown, the second end of the sleeve is distal end 5 1). A longitudinal portion of
linking member 250 in a vicinity of first linking member end 252 is coupled to the sleeve.
For example, the portion may be threaded through the fabric of the sleeve, and/or sewn
(e.g., sutured) to the fabric of the sleeve to hold the linking member in place during
deployment, and the linking member may be held in place after implantation by one or
more of anchors 38. Optionally, the linking member is not initially coupled to the sleeve,
but is instead held in place by a delivery tool during the implantation procedure, until

being coupled to the sleeve by one or more of the anchors, for example. The coupled
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longitudinal portion may have a length of between 2 and 10 mm, and optionally includes

first linking member end 252 of the linking member.

Implantable structure 22 further comprises a second coupling element 260, which
is configured to be coupleable to first coupling element 256. Second coupling element
260 typically is coupled to implantable structure 22 within 1.5 cm of the first end of
sleeve 26 (opposite the end mentioned above near which first linking member end 252 is
fixed), measured when the sleeve is fully longitudinally extended. As mentioned above,

in the configuration shown in Figs. 21 and 22, this first end is proximal end 49.

For some applications, such as shown in Figs. 21 and 22, contracting mechanism
28 (e.g., housing 44 thereof) is disposed along sleeve 26 within 1.5 cm of the first sleeve
end (i.c., the same end of the sleeve near which the second coupling element is coupled).
Second coupling element 260 may be coupled to contracting mechanism 28 (e.g., to
housing 44). Alternatively, second coupling element 260 may be otherwise coupled to
sleeve 26 (such as directly coupled), in which case coniracting mechanism 28, e.g.,
housing 44 thereof, may be coupled to sleeve 26 at a greater longitudinal distance from
the end of the sleeve, and one or more of anchors 38 may be coupled to the sleeve
longitudinally between the contracting mechanism and the sleeve end, such as described

hereinabove with reference to Figs. 1, 2A-1, 4, and 5.

Typically, linking member 250 is substantially longitudinally non-extensible, i.e.,
its length is fixed. Typically, linking member 250 comprises metal, such as Nitinol or
stainless steel. For some applications, the linking member has a length of at least 2 cm,

no more than 6 cm, and/or between 2 and 6 cm.

For some applications, the linking member is configured as a spring, which is
typically curved, so as to be elastic in a radial direction, i.e., to be compressible like a bow
or deflected beam. In these applications, the linking member is oriented such that it is
pressed by elasticity against the anterior portion of the mitral annulus, i.e., the outer wall
of the aorta, thereby holding the sleeve covering the linking member against the aortic

wall,

For some applications, at least two of tissue anchors 38 are coupled to sleeve 26 at
respective, different longitudinal sites alongside linking member 250, within 6 cm of first

linking member end 252, such as within 2 to 6 cm of the first end. These tissue anchors

109



WO 2012/176195 PCT/IL2012/000250

10

15

20

30

may help set the proper direction of curvature of the linking member, for applications in

which the linking member is curved.

Reference is made to Figs. 23A-B, which are schematic illustrations of coupling
elements 256 and 260, in accordance with respective applications of the present invention.
For some applications, at least one of first and second coupling elements 256 and 260
comprises a hook 270. Alternatively or additionally, for some applications, at least one of
the first and second coupling elements comprises a loop 272. In the configuration shown
in Fig. 23A (and Figs. 21 and 22), first coupling element 256 comprises hook 270, and
second coupling element 260 comprises a loop 272. In the configuration shown in Fig.
23B, both first and second coupling elements 256 and 260 comprises respective loops
272, and the coupling elements are coupled together such as by placing one of anchors 38

through both loops and into cardiac tissue.

Reference is now made to Figs. 24A-E, which are schematic illustrations of a
configuration of system 20 comprising a coiled element 240, in accordance with some
applications of the present invention. Implantable structure 22 is generally similar to the
configuration of implantable structure 22 described hereinabove with reference to Figs. 1,
4 and 5, or with reference to Figs. 20 or 21-23B, mutatis mutandis, with the exception that
coiled element 240 is advanced within the lumen of sleeve 26 during the implantation
procedure, as described hereinbelow, or is prepositioned in the sleeve prior to
commencement of the implantation procedure. In this configuration, implantable
structure 22 is typically configured to not contract the posterior portion of the annulus
along the middle scallop (P2) of the posterior leaflet, and to contract portions of the
annulus along (a) a lateral scallop (P1) of the posterior leaflet and extending to left fibrous
trigone 142, and (b) the medial scallop (P3) of the posterior leaflet and extending to right
fibrous trigone 144,

Implantable structure 22 is implanted along the annulus of the native mitral valve,
such as described hereinabove with reference to Figs. 2A-I, mutatis mutandsis. During the
implantation procedure, typically after deploying anchors 38, a contraction-restricting-
element advancement tube 330 is advanced toward implantable structure 22 through a
lumen of a delivery tube 332. It is to be noted that deployment manipulator 24 (shown in
Figs. 2G-I) may be advanced within delivery tube 332 during the anchoring of
implantable structure 22 to the annulus. For some applications, advancement tube 330

may be slidable within sheath 104 (shown in Figs. 2B-G).
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As shown in Fig, 24A, advancement tube 330 is advanced within the lumen of
sleeve 26 until approximately one of the fibrous trigones (e.g., right fibrous trigone 144,
in the direction of implantation shown in Fig. 24A), generally in the vicinity of
contracting mechanism 28, e.g., housing 44 thereof. Alternatively, advancement tube 330
is advanced to near the end of the sleeve, before the overlapping portion through which
anchor 38E passes. For some applications, delivery tube 332 is also advanceable within

the lumen of sleeve 26 (not shown for clarity of illustration).

As shown in Fig. 24B, advancement tube 330 houses an overtube 334 which, in
turn, houses coiled element 240. Coiled element 240 comprises a flexible material, e.g.,
Nitinol, which is biased to assume the coiled shape shown in Fig. 10C. For some
applications in which the coiled element comprises such a flexible material, coiled
element 240 is disposed within overtube 334 in a state in which coiled element 240 is
generally straightened from its coiled state, i.e., at least partially uncoiled. In order to
deploy element 240 within the lumen of sleeve 26, overtube 334 is retracted in the
direction indicated by the arrow in Fig. 24B. For some applications, a pusher (not shown)
disposed within overtube 334 proximally to element 240 pushes on element 240 as
overtube 334 is retracted. During the deployment of coiled element 240, successive
portions of element 240 are exposed from within overtube 334 and assume the pre-

determined coiled configuration, as shown.

As shown in Fig. 24C, coiled element 240 is advanced within the lumen of sleeve
26 and comprises a contraction-restricting portion 300 (which defines a contraction-
restricting element 138) and contractible portions 301a and 301b. In its deployed
configuration, i.e., its coiled configuration, element 240 is typically shaped so as to define

a diameter of between 2 and 6 mm, e.g., 3 mm.

As shown in Fig. 24D, following the advancement of coiled element 240 within
the lumen of sleeve 26, overtube 334, advancement tube 330, and delivery tube 332 are
removed from within the body of the patient, and the opening at proximal end 49 of
implantable structure 22 is typically closed, such as by closure element 290, described
hereinabové with reference to Figs. 10A-B, 11-12, 13A-B, 14A-B, 15-16, 17A-F, and 18.

As shown in Figs. 24C-D, contraction-restricting portion 300 is a coiled portion of
element 240 that is non-compressible, and contractible portions 301a and 301b (that are

coupled to, or flank, contraction-restricting portion 300) are respective portions of element
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240 that are compressible. Contraction-restricting portion 300 defines a pitch that is
smaller than that of portions 301a and 301b (as shown in the blow-ups in Fig. 24D).
Thus, if coiled element 240 were to be positioned along a longitudinal axis, contraction-
restricting portion 300 would restrict contraction of element 240 (and thereby implantable
structure 22) along the longitudinal axis, while contractible portions 301a and 301b would
allow contraction of element 240 (and thereby implantable structure 22) along the
longitudinal axis. When coiled element 240 is positioned within the lumen of sleeve 26,
as shown in Figs. 24C-D, (1) contraction-restricting portion 300 defines a contraction-
restricted portion 352 (or non-contraction-facilitated portion) of structure 22 that is
disposed along the portion of the annulus at the posterior leaflet, and (2) contractible
portions 301a and 301b define respective contractible portions 353a and 353b (or
contraction-facilitated portions) of structure 22 that are contractible and expandable in
response to respective tightening or loosening of contracting member 30 (not shown for
clarity of illustration) responsively to the actuation of contracting assembly 40. For some
applications, contraction-restricting portion 300 has a length of more than 3 mm and/or
less than 120 mm (e.g., a Iength of 3 mm — 120 mm), and defines contraction-restricted
portion 352, portion 352 having a length of more than 3 mm and/or less than 120 mm
(e.g., a length of 3 mm — 120 mm). During the ongoing contraction of structure 22
responsively to the actuation of contracting assembly 40, contractible portions 301a and
301b facilitate longitudinal contraction of portions 353a and 353b, respectively, while
contraction-restricting portion 300 restricts longitudinal contraction of portion 352, but
facilitates radial movement of portion 352 toward the center of the valve (ie., in the
direction as indicated by the arrows). This radial movement of portion 352 brings the

posterior leaflet toward the anterior leaflet.

It is to be noted that one contraction-restricting portion 300 and two contractible
portions 30la and 301b are shown in Figs. 24A-D by way of illustration and not
limitation, and that coiled element 240 may comprise any suitable number of portions 300
or 301. For example, in Fig. 24E coiled element 240 is shown defining two contraction-
restricting portions 300a and 300b, and two contractible portions 301a and 301b. When
coiled element 240 is positioned within the lumen of sleeve 26, as shown in Figs. 24E, (1)
coniraction-restricting portion 300a defines contraction-restricted portion 352a of
structure 22 that is disposed along the portion of the annulus at the posterior leaflet, (2)

contraction-restricting portion 300b defines contraction-restricted portion 352b of
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structure 22 that is disposed in a vicinity of trigone 142, and (3) contractible portions 301z
and 301b define respective contractible portions 353a and 353b of structure 22 that are
contractible and expandable in response to respective tightening or loosening of
contracting member 30 (not shown for clarity of illustration) responsively to the actuation
of contracting assembly 40. Typically, contraction-restricted portion 352a comprises
more than 10% (e.g., more than 20%), and/or less than 60% (e.g., less than 30%) of the
resting length of coiled element 240. For some applications, each of contractible portions
353a and 353b comprises less than 50% (e.g., less than 20%, or less than 10%) of the
resting length of coiled element 240. For some applications, the total length of the
contractible portions of coiled element 240 comprises less than 50%, e.g., less than 30%,

of the resting length of the coiled element.

In the configuration shown in Fig. 24E, coiled element 240 defines two
contraction-restricting portions 300a and 300b, one of which is disposed along the portion
of the annulus at the posterior leaflet, and one of which is disposed in a vicinity of one of
the trigones. However, the scope of the present invention includes configuration in which
coiled element 240 defines three contraction-restricting portions 300, oue of which is
disposed along the portion of the annulus at the posterior leaflet, and two of which are
disposed in vicinities of respective trigones of the subject. For some applications, coiled
element 240 defines two contraction-restricting portions 300, which are disposed in

vicinities of respective trigones of the subject, e.g., as described with reference to Fig. 28.

For some applications, the implantable structures described herein are configured
such that the contraction-restricted portions and the contractible portions of the
impiantable structures are disposed adjacent to respective portions of the mitral annulus,
so as to facilitate reshaping of the mitral annulus in a desired manner. The lengths of the
contraction-restricted portions and the contractible portions typically correspond to the
corresponding portions of the mitral annulus. Typically, upon placement of the
implantable structures described herein at the mitral annulus, contraction-restricted
portions 352 and contractible portions 353 are asymmetrically disposed with respect to the
mitral annulus. Further typically, lengths of the contraction-restricted portions and the
contractible portions are not equal to one another. Alternatively, lengths of the

contraction-restricted portions and the contractible portions are equal to one another.

Reference is again made to Figs. 24A-E. It is to be noted that although system 20

is advanced and implanted within the heart of the patient using a minimally-invasive
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procedure, any suitable procedure may be used to advance and implant system 20, e.g., a

transcatheter procedure or a surgical procedure, such as an open-heart surgical procedure.

Reference is now made to Figs. 25A-D, which are schematic illustrations of
another configuration of system 20, in accordance with an application of the present
invention. This configuration is similar to the configuration described hereinabove with
reference to Figs. 24A-E, with the exception that coiled element 240 is not advanced
within overtube 334. Coiled element 240 is instead advanced directly within the lumen of
delivery tube 332 and into the lumen of sleeve 26 in its coiled state, as shown in Figs.
25A-C. Typically, a pushing tube 336 slides within delivery tube 332 proximally to
coiled element 240 in order to push coiled element 240 from within the lumen of delivery
tube 332. Typically, delivery tube 332 is advanced within the lumen of sleeve 26 until
approximately one of the fibrous trigones (e.g., right fibrous trigone 144, in the direction
of implantation shown in Fig. 25A), generally in the vicinity of contracting mechanism
28, e.g., housing 44 thereof. Alternatively, advancement tube 330 is advanced to near the
end of the sleeve, before the overlapping portion through which anchor 38E passes, and
coiled element 240 is positioned within the lumen of sleeve 26 when tube 332 is retracted

and pushing tube 336 pushes on coiled element 240.

Fig. 25E is a schematic illustration of another configuration of system 20, in
accordance with an application of the present invention. In this configuration,
contraction-restricting portion 300 comprises a contraction-restricting segment 268 that is
coupled to an outer surface of sleeve 26. For some applications, segment 268 comprises a
coiled element, as described hereinabove. For other applications, segment 268 comprises
a tubular element comprising a material, e.g., a semi-rigid material (such as Nitinol,
polyethylene, and/or silicone, e.g., high-rigidity silicone), which restricts compression

along a longitudinal axis of segment 268.

Typically, segment 268 is coupled to sleeve 26 bjr being sutured thercto via
sutures 264, by way of illustration and not limitation, typically before implant structure 22
is advanced within the body of the patient. Segment 268 may be coupled to sleeve 26
using any suitable coupling technique. Segment 268 is typically coupled to sleeve 26

prior to advancing implant structure 22 within the body of the patient.

Segment 268 is typically coupled to portion of sleeve 26 designated for

implantation along the annulus of the valve at the posterior leaflet. Alternatively or
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additionally, segment 268 is coupled to a portion of the sleeve designated for implantation
in a vicinity of one or both trigones 144 and 142. The coupling of segment 268 to the
portion of sleeve 26 defines contraction-restricted portion 352 of structure 22, while the
remaining portions of sleeve 26 not coupled to segment 268 define contractible portions
353a and 353b of structure 22. In general, the techniques described hereinabove with
respect to contraction—restﬁcting portion 300, with reference to Figs. 24A-E and 25A-E,

may be applied to segment 268, mutatis mutandis.

Following the implantation of structure 22 along the annulus, portions of
implantable structure 22 are contracted using contracting assembly 40, as described
hereinabove. During the ongoing contraction of structure 22 responsively to the actuation
of contracting assembly 40, contractible portions 353a and 353b are contracted, while
contraction-restricting portion 300 restricts longitudinal contraction of contraction-
restricted portion 352, but facilitates radial movement of portion 352 toward the center of
the valve (i.e., in the direction as indicated by the arrows). This radial movement of

portion 352 brings the posterior leaflet toward the anterior leaflet.

'Following the contracting of structure 22 by mechanism 28, the opening at
proximal end 49 of implantable structure 22 may be closed, such as by closure clement
290, described hereinabove with reference to Figs. 10A-B, 11-12, 13A-B, 14A-B, 15-16,
17A-F, and 18.

It is to be noted that aithough contraction-restricting segment 268 is shown in Fig,
25E as comprising a tubular element, for some applications, a different element, e.g., a
suture, is used to define contractjon-restricted portion 352 of implantable structure 22.
For example, coiled element 240 may be placed inside sleeve 26. One or more
coniraction-restricting elements (e.g., a suture, a staple, a ratchet mechanism, and/or a
bracket) are placed around portions of the coiled element, in order to decrease the pitch of

the coiled element at the portions, thereby reducing the contractibility of the portions,

For some applications, a healthcare professional places the contraction-restricting
element around given portions of the coiled element intra-procedurally, the portions of the
coiled element corresponding to respective portions of a subject's mitral annulus. For
example, subsequent to determining the size of the subject's mitral valve, and before
placing the implantable structure inside the patient's body, the healthcare professional may

place contraction-restricting element around given portions of the coiled element, in order
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to reduce the contractibility of the portions. For some applications, the healthcare
professional applies sutures to the coiled element while the element is disposed inside the
sizer. For some applications, the sizer is used to guide the suturing and to prevent the

healthcare professional from placing a suture through contracting member 30.

Fig. 26 is a schematic illustration of a system 261 comprising an implant structure
262 and contraction-restricting element 300 comprising contraction-restricting segment
268 that is coupled to an outer surface of sleeve 26, in accordance with some applications
of the present invention. Implant structure 262 is generally similar to implant structure
22, as described hereinabove with reference to Fig. 25E, with the exception that implant

structure 262 defines a partial annuloplasty ring structure.

Implant structure 262 is generally similar to implant structure 22, as described
hereinabove with reference to Figs. 1, 4, 15, 17A-F, and 18-21, with the exception that
contraction-restricting element 138 is coupled to the outer surface of sleeve 26, and
implant structure 262 typically does not comprise crimping element(s) 132 or 134.
Structure 262 is typically implanted along the annulus in a manner as described
hereinabove with reference to Figs. 2A-I, 3, and 17A-C, with regard to the implantation of

implant structures 22 and 133 along the annulus of the mitral valve.

Reference is now made to Figs. 24A-E, 25A-E, and 26. It is to be noted that
although structure 22 is shown in Figs. 24A-E and 25A-F, as being placed along the
annulus in a manner as to define an overlapping region, the scope of the present invention
includes structure 22 shown in Figs. 24A-E and 25A-E placed along the annulus as a
partial ring structure, as shown in Fig. 26.

Reference is now made to Fig. 27, which is a schematic illustration of coiled
element 390, in accordance with some applications of the present invention. For some
applications, techniques described herein are practiced in combination with techniques
described in US Patent Application 12/341,960 to Cabiri (published as US
2010/0161047), which is incorporated herein by reference. Fig. 27 is generally similar to
Fig. 5 of the aforementioned Cabiri application. Fig. 27 shows a system 370 for repairing
a dilated annulus of a subject comprising an annuloplasty structure 371 that defines an
annuloplasty ring, in accordance with some applications of the present invention.
Annuloplasty structure 371 comprises first and second ends 372 and 374, respectively, |

which are coupled to (e.g., welded to) a housing 376 that houses contracting mechanism
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28 (which is generally as described hereinabove). Housing 376 is shaped to provide first
and second coupling members 378 and 380 which are coupled to first and second ends

302 and 304, of structure 371, respectively.

For some applications, structure 371 comprises a linear, elongate structure in a
resting configuration thereof. Prior to implantation, first and second ends 372 and 374 of
structure 371 are welded or otherwise attached to coupling members 378 and 38(},
respectively, thereby facilitating the formation of structure 371 into a substantially ring-
shaped structure. As described in US Patent Application 12/341,960 to Cabiri (published
as US 2010/0161047), structure 371 typically comprises a body portion (e.g., coiled
element 390) defining a lumen for housing flexible member 382. A first end of flexible
member 382 is coupled to contracting mechanism 28, while a second end of flexible

member 382 is coupled to second end 304 of structure 371.

'As shown, structure 371 defines a substantially ring-shaped configuration, e.g., a
"D"-shaped configuration, as shown, which conforms to the shape of the annulus of a
mitral valve of the subject. Prior to contracting of structure 371, the coiled element 390
is relaxed and structure 371 defines a first perimeter thercof. Coiled element provides
contraction-restricting elements 138 which comprise a material in a configuration in
which portions 49 are flexible and less longitudinally compressible, e.g., not
longitudinally compressible, with respect to a contractible portion 201 of coiled element
390, for example, as described hereinabove. Contraction-restricting elements 138 are
configured to be disposed in the vicinity of the trigones of the mitral valve of the heart,
e.g., along the fibrous portion of the annulus that is between the trigones when structure
371 is anchored, sutured, fastened or otherwise coupled to the annulus of the mitral valve.
Contraction-restricting elements 138 impart rigidity to structure 371 in the portion thereof
that is disposed between the fibrous trigones such that structure 371 better mimics the

conformation and functionality of the mitral valve.

Typically, both contraction-restricting elements 138 have a combined length of 10-

50 mm.

Structure 371 defines contractible portion 201 and contraction-restricting elements
138. Typically, a radius of curvature at a center of the contractible portion of coiled
element 390 is smaller than a radius of curvature at a center of contraction-restricting

elements 138, when no external force is applied to the annuloplasty structure.
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It is to be noted that contractible portion 201 and contraction-restricting elements
138 of structure 371 comprise a coiled element by way of illustration and not limitation.
For example, contractible portion 201 and contraction-restricting elements 138 may
comprise stent-like struts, or a braided mesh. In either configuration, contraction-
restricting elements 138 are chronically longitudinally compressed in a resting state of

structure 371.

For some applications coiled element 390 is used in combination with implant
structure 22 (described with reference to Figs 10A-11E), the coiled element defining two
contraction-restricting elements 138, which are disposed in vicinities of respective

trigones of the subject.

Reference is now made to Fig. 28, which is a schematic illustration of another
configuration of implantable structure 22, in accordance with an application of the present
invention. This configuration of implantable structure 22 is generally similar to the
configuration described hereinabove with reference to Fig. 1, except as follows.
Contracting assembly 40 comprises first and second longitudinal contracting members
30A and 30B, having respective first member ends and respective second member ends
53A and 53B. Contracting members 30A and 30B have respective first and second
member ends, and respective first member end portions, which extend from the respective
first member ends toward the respective second member ends along only respective
longitudinal portions of the contracting members. The first member end portions, e.g., the
first member ends, are coupled to contracting mechanism 28, e.g., a rotatable structure,
such as spool 46. Second member end 53A of first contracting member 30A is coupled to
sleeve 26 at a first site 39A at a first longitudinal distance from the first sleeve end.
Second member end 53B of second contracting member 30B is coupled to sleeve 26 at a

second site 39B at a second longitudinal distance from the second sleeve end.

Contracting mechanism 28, e.g., the rotatable structure, such as spool 46, is
positioned at an intermediary third site along the sleeve, longitudinally between first and
second sites 39A and 39B, exclusive. For example, the contracting mechanism may be
positioned a longitudinal distance from one of the ends of the sleeve, which longitudinal
distance equals between 30% and 70% of the length of the sleeve. Contracting
mechanism 28 and longitudinal members 30A and 30B are arranged to fongitudinal

contract the sleeve, for example, are arranged such that rotation of the rotatable structure
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longitudinally contracts the sleeve, such as by winding contracting members 30A and 30B

around the spool, thereby contracting both of the longitudinal contracting members.

For some applications, at least one (either one or both) of the first and second
longitudinal distances, taken separately, when measured when the sleeve is in a straight,
relaxed, non-contracted state, is at least 3 mm, e.g., at least 5 mm, such as at least 9 o,
c.g., at least 14 mm. For some applications, each of the first and second longitudinal
distances is at least 3 mm, e.g., at least 5 mm, such as at least 9 mm, e.g., at least 14 mm.
For some application, one of the first and second longitudinal distances is at least 3 mm,
such as at least 5 mm (e.g., at least 9 mm, or at least 14 mm), and the other of the first and
second longitudinal distances is less than 5 mm, such as less than 3 mm, e.g., is equal to 0

mm.

For some applications, the techniques of this configuration are implemented using
techniques described in US Patent Application Publication 2010/0161047, which is

incorporated herein by reference, with reference to Fig. 15 thereof, mutatis mutandis.

Reference is made to Figs. 29A-B and 30, which are schematic illustrations of a
valve prosthesis assembly 400, in accordance with respective applications of the present
invention. Valve prosthesis assembly 400 comprises a prosthetic heart valve 410 that is
couplable to a base ring 422. Prosthetic heart valve 410 is used to replaoe a native
diseased heart valve. Valve 410 comprises a plurality of artificial leaflets 430, which
comprise a pliant material. Valve 410 may implement techniques known in the artificial
valve art, such as described, for example, in US Patent Application Publication
2007/0255400 to Parravicini et al., US Patent Application Publication 2004/0122514 to
Fogarty et al., US Patent Application Publication 2007/0162111 to Fukamachi et al.,
and/or US Patent Application Publication 2008/0004697 to Lichtenstein et al., all of

which are incorporated herein by reference.

Valve 410 further comprises an annular base 432, to which artificial leaflets 430
are coupled. Annular base 432 is configured to be couplable to base ring 422 during an
implantation procedure. For example, as show in Fig. 30, base ring 422 may comprise
one or more coupling elements 434, such as clips or magnets, which are configured to be
coupled to corresponding coupling elements on a lower surface of annular base 432 (not
visible in the figures). Alternatively or additionally, annular base 432 may be configured

to be placed within the opening defined by base ring 422, as shown in Fig. 20A. To hold
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the annular base coupled to the base ring, the base ring is tightened around the annular
base, as shown in Fig. 29B, typically using one or more of the techniques described
hereinabove for contracting implant structures. Typically, valve prosthesis assembly 400,
such as annular base 432 thereof, is configured to push and hold open the intact diseased

native leaflets.

Base ring 422 implements one or more of the techniques of implantable structure
22 described hereinabove. In particular, base ring 422 may be coupled to the annulus of
the native diseased valve using the anchoring techniques described hereinabove. In
addition, base ring 422 typically comprises sleeve 26 and contracting mechanism 28,
which may, for some applications, comprise a rotatable structure 46, such as a spool,
which is typically implemented using techniques described herein. The contracting
mechanism is arranged to contract base ring 422, e.g., the rotatable structure is arranged
such that rotation thereof contracts base ring 422, typically using techniques described
herein. Such tightening may serve to couple base ring 422 to annular base 432, as shown
in Fig, 29B. Alternatively or additionally, such tightening sets the desired dimensions of
the base ring, in order to align the coupling elements of the base ring with those of valve
410, thereby enabling tight coupling, such as for the applications described with reference
to Fig. 30.

For some applications, as shown in Fig. 30, base ring 422 comprises a partial ring,
such as described hereinabove with reference to Figs. 2A-1. For other applications, as
shown in Figs. 29A-B, the base ring is arranged as a full ring, such as described

hereinabove with reference to Figs. 5, 20, and 22.

Valve prosthesis assembly 400 is typically implanted in a minimally invasive
transcatheter or percutaneous procedure. The procedure begins with the introduction and
implantation of base ring 422 into the heart, such as using techniques for implanting
implantable structure 22, described hereinabove with reference to Figs. 2A-1. Prosthetic
heart valve 410 is subsequently introduced into the heart and coupled to base ring 422, as
described above. Valve prosthesis assembly 400 is typically used for replacement of a

diseased native mitral valve, aortic valve, tricuspid valve, or pulmonary valve.

Reference is now made to Figs. 1-30. Implant structures 22, 133, 262, 281, and
371 may be advanced toward annulus 140 in any suitable procedure, e.g., a transcatheter

procedure, a percutaneous procedure, a minimally invasive procedure, or an open heart
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procedure (in which case one or more elements of systems 20, 131, 261, 280, and 370 are
typically rigid). Regardless of the approach, the procedure typically includes the

techniques described hereinabove with reference to Figs. 2A-1 and 3.

It is to be noted that the positioning of contraction-restricting element(s) 138 may
be placed along implant structures 22, 133, 262, 281, and 371 is anywhere along implant
structures 22, 133, 222, 262, 281, and 371.

For some applications, following initial contraction of implant structures 22, 133,
222, 262, 281, and 371 during the implantation procedure, implant structures 22, 133,
222,262, 281, and 371 may be further contracted or relaxed at a later time after the initial
implantation, such as between several weeks and several months after the initial
implantation. Using real-time monitoring, tactile feedback and optionally in combination
with fluoroscopic imaging, a rotation tool or anchor driver 68 of deployment manipulator
24 is reintroduced into the heart and used to contract or relax implant structures 22, 133,

222,262,281, and 371.

Although implant structures 22, 133, 222, 262, 281, and 371 has been described
hereinabove as comprising a partial annuloplasty ring, for some applications of the present
invention, implant structure 22 instead comprises a full annuloplasty ring. Implant
structures 22, 133, 222, 262, 281, and 371 may comprise an annular portion of a structure,
a ring, or a partial ring, which facilitate coupling thereto of a prosthetic valve which
replaces the native atrioventricular valve. Typically, implant structures 22, 133, 222, 262,
281, and 371 function to treat (e.g., facilitate repair or replacement of) the native

atrioventricular valve of the patient.

For some applications of the present invention, systems 20, 131, 261, 220, 260,
and 280, and 370 are used to treat an atrioventricular valve other than the mitral valve,
i.e., the tricuspid vaive. For these applications, implant structures 22, 133, 222, 262, 281,
and 371 and other components of systems 20, 131, 261, 220, 260, and 280, and 370
described hereinabove as being placed in the left atrium are instead placed in the right
atrinom. Although implant structures 22, 133, 222, 262, 281, and 371 are described
hereinabove as being placed in an atrium, for some application implant structures 22, 133,

222,262, 281, and 371 are instead placed in cither the left or right ventricle.

Features of implant structures 22, 133, 222, 262, 281, and 371 described with

reference to respective figures are not limited to the prostheses shown in those figures.
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Rather, features of the implant structures shown in any of the figures could be used in.
combination with any of the other features described herein, mutatis mutandis. Examples

of the features that may be combined with each other include, but are not limited to:

. crimping elements 132 and 134,
. flap 27,

. stiffening elements 136

. coiled element 240,

. lIinking member 250,

. contraction-restricting segment 268,
. self-closing strips 282a and 282b,

. plug 550,

. approximating element 551,

. screw 552 and thread 554,
. spring 560,
. deflecting element 570, and

. force-distributing element 540.

Reference is now made to Figs. 1-30. It is to be noted that any of the closure
elements 290 described herein (for example, in Figs. 10A-B, 11-12, 13A-B, 14A-B, 15-
16, 17A-F, and 18) or, other closure elements known in the art may be used independently
or in combination for closing the opening at the end of sleeve 26 of any of the implants
described herein. For example, a plug (such as a silicone plug), and/or a band (such as a
silicone band) may be used to close the opening. Alternatively, flap 27 may be folded
over and an anchor (e.g., a tissue anchor 38, as described herein) may be used to anchor

the folded-over flap to the patient's tissue.

Typically, the closure elements described herein reduce the likelihood of a
thrombosis forming inside sleeve 26, by closing the opening of the sleeve end, relative to
if the opening were left opened. Alternatively or additionally, the closure elements

described herein are used to close the opening for a different reasomn.

Typically, the closure of the opening (e.g., using the closure elements described
herein) and the deployment of implant structure 22 is performed during a single
procedure, e.g., by deploying the implant structure and closing the opening via a single
catheter. For some applications (not shown), sleeve 26 defines openings at both thereof,

and closure elements are used to close the openings at both of the ends of the sleeve.
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Reference is now made to Figs. 1-30. It is to be noted that any of the implants
described herein include a plurality of radiopaque markers 39, as described hereinabove

with reference to Fig. 1.

Reference is now made to Figs. 1-30. It is to be noted that the scope of the present
invention includes use of any of the implants described herein to treat any cardiac valve,
e.g., a (ricuspid valve, a mitral valve, a pulmonary valve, and an aortic valve.
Additionally, the scope of the present invention includes methods for implanting any of
the implants described herein, including open-hear/surgical, translumminal/transcatheter,

and/or minimally invasive such as by intercostals or percutancous access.

For some applications, the scope of the present invention includes embodiments
described in the following applications, which are incorporated herein by reference. In an
embodiment, techniques and apparatus described in one or more of the following

applications are combined with techniques and apparatus described herein:

¢ PCT Publication WO 08/068756 to Gross et al., entitled, "Segmented ring
placement," filed December 5, 2007;

e PCT Publication WO 10/004546 to Gross et al., entitled, “Annuloplasty

devices and methods of delivery therefor,” filed on June 15, 2009;

¢ PCT Publication WO 10/073246 to Cabiri et al., entitled, “Adjustable

annuloplasty devices and mechanisms therefor,” filed December 22, 2009;

e PCT Publication WO/2010/128502 to Maisano et al., entitled,
"Implantation of repair chords in the heart," filed May 4, 2010;

e US Patent Application 12/608,316 to Miller et al., entitled, “Tissue anchor
for annuloplasty ring,” filed on October 29, 2009, which published as US
Patent Application Publication 2011/0106247

¢ US Patent Application 12/689,693 to lammer ct al., entitled, “Deployment
techniques for annuloplasty ring,” filed on January 19, 2010, which
published as US Patent Application Publication 2010/0280605; and/or

* PCT Publication W0/2010/128503 to Zipory et al., entitled, "Deployment
techniques for annuloplasty ring and over-wire rotation tool," filed May 4,
2010.
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It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather, the scope
of the present invention includes both combinations and subcombinations of the various
features described hereinabove, as well as variations and modifications thereof that are not
in the prior art, which would occur to persons skilled in the art upon reading the foregoing

description.
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CLAIMS

1. Apparatus comprising an implantable structure, comprising:
a flexible sleeve, having first and second sleeve ends;
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site,
which is longitudinally between the first site and the second sleeve end, exclusive,
and (c) a first member end portion, which (i) extends from the first member end
toward the second member end along only a longitudinal portion of the contracting
member, and (ii) is coupled to the contracting mechanism; and
a force-distributing element configured to be coupled to the sleeve in a vicinity of
the second sleeve end, the force-distributing element is configured to distribute a
contraction force by the contracting member between the second member end and the

second sleeve end.

2. The apparatus according to claim 1, further comprising:

a first anchor couplable to the sleeve at a third site longitudinally between the
second member end and the second sleeve end; and

a second anchor couplable to the sleeve in a vicinity of the second site,

wherein the force-distributing clement is configured to distribute a contraction

force between the first and second anchors.

3. The apparatus according to claim 1, wherein the force-distributing element

comprises an element that is longitudinally non-compressible.

4. The apparatus according to claim 1, wherein the force-distributing element

comprises a coiled element having a plurality of longitudinally-non-compressible coils.

5. The apparatus according to claim 1, wherein the force-distributing clement is
advanceable within the sleeve through an opening at the second sleeve end, and wherein
the force-distributing element is shaped so as to define one or more protrusions to engage

and couple the force-distributing element to the sleeve.
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6. The apparatus according to claim 1, further comprising a plurality of tissue
anchors, one or more of which are coupled to the sleeve at respective third sites

longitudinally between the second site and the second sleeve end, exclusive.

7. The apparatus according to claim 1, further comprising a plurality of tissue
anchors, one or more of which are coupled to the sleeve at respective third sites

longitudinally between the second member end and the second sleeve end, exclusive.

3. The apparatus according to any one of claims 1-7, further comprising;

a second-sleeve-end coupling element couplable to the second sleeve end; and

an approximating element coupled at a first end portion thereof to the second-
sleeve-end coupling element, and at a second end portion of the approximating element to
the force-distributing element, the approximating element being configured to change a
spatial orientation of at least a portion of a portion of the sleeve that is between the force-

distributing element and the second sleeve end.

9. The apparatus according to claim 8, wherein the approximating comprises a screw
shaft, wherein the approximating element is shaped so as to define screw thread for
receiving the screw shaft, and wherein the approximating element is configured to shorten
the at least the portion of the sleeve between the force-distributing element and the second

sleeve end.

10.  The apparatus according to claim 9, wherein the force-distributing clement is

shaped so as to define the screw thread.

11. The apparatus according to claim 8, wherein the approximating element comprises
a spring, and wherein the approximating element is configured to shorten the at least the

portion of the sleeve between the force-distributing element and the second sleeve end.

12, The apparatus according to claim 11, wherein the spring has a tendency to
compress in order to compress the portion of the sleeve between the force-distributing

element and the second sleeve end.

13.  The apparatus according to claim 8, wherein the approximating element comprises
an elongate deflectable structural element coupled to the sleeve at the at least the portion,
the elongate deflectable structural element having a shape-memory element so as to

facilitate deflecting of the at least the portiomn.
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14.  The apparatus according to claim 8, wherein the flexible sleeve is configured to
provide an opening at at least the second sleeve end, and wherein the second-sleeve-end

coupling element comprises a closure element configured to close the opening.

15. The apparatus according to claim 14, wherein the closure element comprises a

plug.

16.  Apparatus comprising an implantable structure, which comprises:

a flexible sleeve, having first and second sleeve ends;

a second-sleeve-end coupling element couplable to the second sleeve end;

a structural, reference-force component coupled to the sleeve at a portion of the
sleeve that is between the first and second sleeve ends; and

‘an approximating element coupled at a first end portion thereof to the second-
sleeve-end coupling element, and at a second end portion of the approximating element to
the structural, reference-force component, the approximating element being configured to
change a spatial orientation of at least a portion of a portion of the sleeve that is between

the structural, reference-force component and the second sleeve end.

17.  The apparatus according to claim 16, wherein the structural, reference-force
component comprises a force-distributing element configured to distribute a contraction
force by the contracting member between the second member end and the second sleeve

end.

18.  The apparatus according to claim 16, wherein the structural, reference-force

component comprises an element that is longitudinally non-compressible.

19.  The apparatus according to claim 16, wherein the structural, reference-force
component comprises a coiled element having a plurality of longitudinally-non-

compressible coils.

20.  The apparatus according to claim 16, wherein the approximating clement
comprises an elongate deflectable structural element coupled to the sleeve at the at least
the portion, the elongate deflectable structural element having a shape-memory element so

as to facilitate deflecting of the at least the portion.

21.  The apparatus according to any one of claims 16-20, wherein the approximating
comprises a screw shaft, wherein the approximating element is shaped so as to define

screw thread for receiving the screw shaft, and wherein the approximating element is
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configured to shorien the at least the portion of the sleeve between the structural,

reference-force component and the second sleeve end.

22, The apparatus according to claim 21, wherein the structural, reference-force

component is shaped so as to define the screw thread.

23.  The apparatus according to claim any one of claims 16-20, wherein the
approximating element comprises a spring, and wherein the approximating element is
configured to shorten the at least the portion of the sleeve between the structural,

reference-force component and the second sleeve end.

24.  The apparatus according to claim 23, wherein the spring has a tendency to
compress in order to compress the portion of the sleeve between the structural, reference-

force component and the second sleeve end.

25.  The apparatus according to any one of claims 16-20, wherein the flexible sleeve is
configured to provide an opening at at least the second sleeve end, and wherein the
second-sleeve-end coupling element comprises a closure clement configured to close the
opening.
26.  The apparatus according to claim 25, wherein the closure element comprises a
plug.
27.  The apparatus according to any one of claims 16-20, further comprising:
a contracting assembly coupled to the sleeve, the contracting assembly being
configured to longitudinally contract the sleeve, and which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a} a first member end, (b) a
second member end, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i) extends from
the first member end toward the second member end along only a longitudinal
portion of the coniracting member, and (ii) is coupled to the contracting

mechanism.

28.  The apparatus according to claim 27, further comprising a force-distributing
element configured to be coupled to the sleeve in a vicinity of the second sleeve end, the
force-distributing element is configured to distribute a contraction force by the contracting

member between the second member end and the second sleeve end.
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29.  The apparatus according to claim 28, further comprising;

a first anchor couplable to the sleeve at a third site longitudinally between the
second member end and the second sleeve end; and

a second anchor couplable to the sleeve in a vicinity of the second site,

wherein the force-distributing element is configured to distribute a contraction

force between the first and second anchors.

30.  Apparatus comprising an implantable structure, comprising:

a flexible sleeve, having first and second sleeve ends;

a contracting assembly, which is configured to longitudinally contract the sleeve,
and which comprises:

a contracting mechanism, which is disposed at a first site of the sleeve; and

a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i) extends from
the first member end toward the second member end along only a longitudinal
portion of the contracting member, and (ii) is coupled to the contracting
mechanism;

a contracting-member-receiving element coupled to the sleeve between the first
site and the second sleeve end, exclusive, the contracting member being slidable with
respect to the contracting-member-receiving element; and

~a stopper coupled to the second member end, the stopper being advanceable
toward the contracting-member-receiving element during contraction of the sleeve by the

contracting mechanism.

31. The apparatus according to claim 30, wherein the contracting member slides

within a portion of the contracting-member-receiving element.

32.  The apparatus according to any one of claims 30-31, wherein the contracting-
member-receiving element comprises a coupler to engage the stopper to the contracting-

member-receiving element.

33.  The apparatus according to claim 32, wherein:
the sleeve defines a contracting-assembly-contraction-facilitated portion between

the first sleeve end and the contracting-member-receiving element, the contracting-
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assembly-contraction-facilitated portion being contractible and expandable by the
contracting assembly; and
the sleeve defines a contracting-assembly-non-contraction-facilitated portion

between the contracting-member-receiving element and the second sleeve end.

34.  The apparatus according to claim 33, further comprising an elongate deflectable
structural element coupled to the sleeve at the contracting-assembly-non-contraction-
facilitated portion, the elongate deflectable structural element having a shape-memory
element so as to facilitate deflecting of the contracting-assembly-non-contraction-

facilitated portion.

35.  The apparatus according to claim 33, further comprising;

a second-sleeve-end coupling element couplable to the second sleeve end;

an approximating element coupled at a first end portion thereof to the second-
sleeve-end coupling element, and at a second end portion of the approximating element to
the contracting-member-receiving element, the approximating clement being configured
to change a spatial orientation of at least a portion of a portion of the sleeve that is

between the contracting-member-receiving element and the second sleeve end.

36.  The apparatus according to claim 35, wherein the approximating clement
comprises a screw shaft, wherein the approximating element is shaped so as to define
screw thread for receiving the screw shaft, and wherein the approximating element is
configured to shorten at least a portion of a portion of the sleeve between the contracting-

member-receiving element and the second sleeve end.

37.  The apparatus according to claim 36, wherein the structural, reference-force

component is shaped so as to define the screw thread.

38.  The apparatus according to claim 35, wherein the approximating element
comprises a spring, and wherein the approximating element is configured to shorten the at
least the portion of the sleeve between the contracting-member-receiving element and the

second sleeve end.

39.  The apparatus according to claim 38, wherein the spring has a tendency to
compress in order to compress the at least the portion of the sleeve between the

contracting-member-receiving element and the second sleeve end.

40.  The apparatus according to claim 35, wherein the approximating clement

comprises an elongate deflectable structural element coupled to the sleeve at the
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contracting-assembly-non-contraction-facilitated portion, the elongate deflectable
structural element having a shape-memory clement so as to facilitate deflecting of the

contracting-assembly-non-contraction-facilitated portion.

41.  The apparatus according to claim 35, wherein the flexible sleeve is configured to
provide an opening at at least the second sleeve end, and wherein the second-sleeve-end

coupling element comprises a closure element configured to close the opening,

42.  The apparatus according to claim 41, wherein the closure element comprises a

plug.

43.  Apparatus comprising an implantable structure, which comprises:
a flexible sleeve, having first and second sleeve ends, the sleeve defining:
an anchor-coupling region between the first sleeve end and a vicinity of the
sleeve between the first and second sleeve ends, exclusive of the second sleeve
end, and
a deflectable region between the second sleeve end, and a vicinity of the
sleeve between the first and second sleeve ends, exclusive of the first sleeve end;.
and
an elongate deflectable structural element coupled to the sleeve at the deflectable
region, the elongate deflectable structural element having a shape-memory element so as

to facilitate deflecting of the deflectable region of the sleeve.

44.  The apparatus according to claim 43, further comprising:

a second-sleeve-end coupling element couplable to the second sleeve end;

a structural, reference-force component coupled to the sleeve at a portion of the
sleeve that is between the first and second sleeve ends; and

a sleeve-shortening element coupled at a first end portion thereof to the second-
sleeve-end coupling element, and at a second end portion of the sleeve-shortening element
to the structural, reference-force component, the sleeve-shortening element being
configured to change a spatial orientation of at least a portion of a portion of the sleeve

that is between the structural, reference-force component and the second sleeve end.

45.  The apparatus according to claim 44, wherein the sleeve-shortening element
comprises a screw shaft, wherein the sleeve-shortening element is shaped so as to define

screw thread for receiving the screw shaft, and wherein the sleeve-shortening element is
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configured to shorten the at least the portion of the slecve between the structural,

reference-force component and the second sleeve end.

46.  The apparatus according to claim 45, wherein the structural, reference-force

component is shaped so as to define the screw thread.

47.  The apparatus according to claim 44, wherein the sleeve-shortening element
comprises a spring, and wherein the sleeve-shortening element is configured to shorten
the at least the portion of the sleeve between the structural, reference-force component

and the second sleeve end.

48.  The apparatus according to claim 47, wherein the spring has a tendency to
compress in order to compress the portion of the sleeve between the structaral, reference-

force component and the second sleeve end.

49.  The apparatus according to claim 43, further comprising:
a contracting assembly coupled to the sleeve, the comtracting assembly being
configured to longitudinally contract the sleeve, and which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is longitudinally between the first site and the second
sleeve end, exclusive, and (c) a first member end portion, which (i) extends from
the first member end toward the second member end along only a longitudinal
portion of the contracting member, and (if) is coupled to the contracting

mechanism.

50.  The apparatus according to claim 49, further comprising a force-distributing
element configured to be coupled to the sleeve in a vicinity of the second sleeve end, the
force-distributing element is configured to distribute a contraction force by the contracting

member between the second member end and the second sleeve end.

51.  The apparatus according to claim 49, further comprising;

a first anchor couplable to the sleeve at a third site longitudinally between the
second member end and the second slecve end; and

a second anchor couplable to the sleeve in a vicinity of the second site,

wherein the force-distributing element is configured to distribute a contraction

force between the first and second anchors.
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52.  Apparatus comprising an implantable structure, comprising;
a flexible sleeve, having first and second sleeve ends;
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which comprises: '
5 a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal coniracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site,
which is longitudinally between the first site and the second sleeve end, exclusive,
and (c) a first member end portion, which (i) extends from the first member end
10 toward the second member end along only a longitudinal portion of the contracting
member, and (ii) is coupled to the contracting mechanism; and
a sleeve-shortening element configured to shorten the at least a portion of a portion

of the sleeve between the second site and the second sleeve end.

53.  The apparatus according to claim 52, wherein contracting mechanism comprises a

15 spool around which at least the first member end portion is wound.

54.  The apparatus according to claim 52, wherein the sleeve-shortening element
comprises a screw shaft, wherein the sleeve-shortening element is shaped so as to define

screw thread for receiving the screw shatt.

55.  The apparatus according to any one of claims 52-54, wherein the sleeve-

20  shortening element comprises a spring.

56.  The apparatus according to claim 55, wherein the spring has a tendency to
compress in order to compress the portion of the sleeve between the second site and the

second sleeve end.

57.  Apparatus comprising an implantable structure, which comprises:
25 a flexible sleeve, having first and second sleeve ends;
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
30 second member end, which is coupled to the sleeve longitudinally at a second site,
which is longitudinally between the first site and the second sleeve end, exclusive,

and (c) a first member end portion, which (i) extends from the first member end
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toward the second member end along only a longitudinal portion of the contracting

member, and (ii) is coupled to the contracting mechanism; and

a plurality of tissue anchors, one or more of which are coupled to the sleeve at
respective third sites longitudinally between the second site and the second sleeve end,

exclusive,

58.  The apparatus according to claim 57, wherein at least two of the tissue anchors are
coupled to the sleeve at respective third sites longitudinally between the second member

end and the second sleeve end, exclusive.

59.  The apparatus according to claim 57, further comprising a force-distributing
element configured to be coupled to the sleeve in a vicinity of the second sleeve end, the
force-distributing element is configured to distribute a contraction force by the contracting

member between the second member end and the second sleeve end.

60.  The apparatus according to claim 59, wherein the force-distributing element

comprises an element that is longitudinally non-compressible.

61.  The apparatus according to claim 59, wherein the force-distributing element

comprises a coiled element having a plurality of longitudinally-non-compressible coils.

62.  The apparatus according to claim 59, wherein the force-distributing element is
advanceable within the sleeve through an opening at the second sleeve end, and wherein
the force-distributing element is shaped so as to define one or more protrusions to engage

and couple the force-distributing element to the sleeve.

63.  The apparatus according to claim 59, further comprising:

a second-sleeve-end coupling element couplable to the second sleeve end;

a structural, reference-force component coupled to the sleeve at a portion of the
sleeve that is between the first and second sleeve ends; and

an approximating element coupled at a first end portion thereof to the second-
sleeve-end coupling element, and at a second end portion of the approximating element to
the force distributing element, the approximating element being configured to change a
spatial orientation of at least a portion of a portion of the sleeve that is between the force

distributing element and the second sleeve end.

64.  The apparatus according to claim 63, wherein the approximating comprises a
screw shaft, wherein the approximating element is shaped so as to define screw thread for

receiving the screw shaft, and wherein the approximating element is configured to shorten
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the at least the portion of the sleeve between the force distributing element and the second

sleeve end.

65.  The apparatus according to claim 64, wherein the force distributing element is

shaped so as to define the screw thread.

66.  The apparatus according to claim 63, wherein the approximating element
comprises a spring, and wherein the approximating element is configured to shorten the at
least the portion of the sleeve between the force distributing element and the second

sleeve end.

67.  The apparatus according to claim 66, wherein the spring has a tendency to
compress in order to compress the at least the portion of the sleeve between the force

distributing element and the second sleeve end.

68.  The apparatus according to claim 63, further comprising an elongate deflectable
structural element coupled to the sleeve at least the portion the sleeve between the force
distributing element and the second sleeve end, the elongate deflectable structural element
having a shape-memory element so as to facilitate deflecting of the least the portion the

sleeve between the force distributing element and the second sleeve end.

69.  The apparatus according to claim 63, wherein the flexible sleeve is configured to
provide an opening at at least the second sleeve end, and wherein the second-sleeve-end

coupling element comprises a closure element configured to close the opening.

70.  The apparatus according to claim 69, wherein the closure element comprises a
plug.
71.  The apparatus according to claim 57, wherein the second site is at least 5 mm from

the second sleeve end, measured when the sleeve is in a straight, relaxed, non-contracted

state. .

72.  The apparatus according to claim 71, wherein the second site is at least 9 mm from
the second sleeve end, measured when the sleeve is in a straight, relaxed, non-contracted

state.

73.  The apparatus according to claim 72, wherein the second site is at least 18 mm
from the second sleeve end, measured when the sleeve is in a straight, relaxed, non-

contracted state,
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74.  The apparatus according to claim 57, wherein the second site is at a longitudinal
distance from the second sleeve end, which distance is no greater than 30% of a total
length of the sleeve, the distance and length measured when the sleeve is in the straight,

relaxed, non-contracted state.

75.  The apparatus according to claim 57, wherein a first portion of the sleeve
longitudinally extends from the first sleeve end toward the first site, wherein a second
portion of the sleeve longitudinally extends from the second sleeve end toward the second
site, and wherein the sleeve is arranged in a closed loop, such that the first and second

portions of the sleeve together define a longitudinally overlapping portion of the slecve.

76.  The apparatus according to claim 75, wherein at least one of the tissue anchors

penetrates both the first and second portions of the sleeve at the overlapping portion.

77.  The apparatus according to claim 76, wherein the at least one of the tissue anchors
comprises a coupling head and a tissue coupling element, wherein the tissue coupling
clement penetrates both the first and second portions of the sleeve at the overlapping
portion, and wherein the coupling head is positioned within one of the first and second

portions of the sleeve at the overlapping portion.

78.  The apparatus according to claim 75, wherein the overlapping portion has a length

of between 5 and 60 mm.

79.  The apparatus according to claim 75, whercin the contracting member does not
extend along the first portion of the sleeve, and does not extend along the second portion

of the sleeve.

80.  The apparatus according to claim 57, wherein the contracting mechanism
comprises a housing and a rotatable structure positioned within the housing, which
housing is disposed at the first site of the sleeve, and wherein the rotatable structure and
the longitudinal contracting member are arranged such that rotation of the rotatable

structure longitudinally contracts the sleeve.

81.  The apparatus according to claim 57, wherein at least three of the tissue anchors
are coupled to the sleeve alongside the contracting member, longitudinally between the

first and second sites, exclusive.
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82.  The apparatus according to claim 57, wherein the implantable structure is
configured such that the contracting assembly applies a longitudinal contracting force

only between the first and the second sites.

83.  The apparatus according claim 57, wherein the sleeve is substantially

longitudinally non-extensible.

84.  Apparatus comprising an implantable structure, which comprises:
a flexible sleeve, having first and second sleeve ends; and
a contracting assembly, which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site,
which is longitudinally between the first site and the second sleeve end, exclusive,
and (c) a first member end portion, which (i) extends from the first member end
toward the second member end along only a longitudinal portion of the coniracting
member, and (ii) is coupled to the contracting mechanism, -
wherein the contracting mechanism is configured to apply a longitudinal
contracting force only between the first and the second sites; and
a plurality of tissue anchors, one or more of which are coupled to the sleeve at
respective third sites selected from the group of sites consisting of: one or more sites
longitudinally between the first site and the first sleeve end, exclusive, and one or more

sites longitudinally between the second site and the second sleeve end, exclusive.

85.  The apparatus according to claim 84, wherein at least one of the third sites is

longitudinally between the first site and the first sleeve end, exclusive.

86.  The apparatus according to claim 85, wherein at least two of the third sites are

longitudinally between the first site and the first sleeve end, exclusive.

87.  The apparatus according to claim 84, wherein at least one of the third sites is

longitudinally between the second site and the second sleeve end, exclusive.

88.  The apparatus according to claim 87, wherein at least two of the third sites are

longitudinally between the second site and the second sleeve end, exclusive.

89.  The apparatus according to claim 84, wherein at least one of the third sites is

longitudinally between the first site and the first sleeve end, exclusive, and wherein at
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least one of the third sites is longitudinally between the second site and the second sleeve

end, exclusive.

90.  The apparatus according to claim 84, wherein the first site is a first longitudinal
distance from the first sleeve end, wherein the second site is at a second longitudinal
distance from the second sleeve end, which first and second longijtudinal distances are
measured when the sleeve is in a straight, relaxed, non-contracted state, and wherein at

least one of the first and second longitudinal distances, taken separately, is at least 5 mm.
91.  The apparatus according to claim 90, wherein the first distance is at least 5 mm.
92.  The apparatus according to claim 90, wherein the second distance is at least 5 mm.

93.  The apparatus according to claim 90, wherein at least one of the first and second

longitudinal distances, taken separately, is at least 9 mm.

9, The apparatus according to claim 93, wherein at least one of the first and second

longitudinal distances, taken separately, is at least 18 mm.

95.  The apparatus according to claim 84, wherein a first portion of the sleeve
longitudinally extends from the first sleeve end toward the first site, wherein a second
portion of the sleeve longitudinally extends from the second sleeve end toward the second
site, and wherein the sleeve is arranged in a closed loop, such that the first and second

portions of the sleeve together define a longitudinally overlapping portion of the sleeve.

96.  The apparatus according 1o claim 95, wherein at least one of the tissue anchors

penetrates both the first and second portions of the sleeve at the overlapping portion.

97.  The apparatus according to claim 96, wherein the at least one of the tissue anchors
comprises a coupling head and a tissue coupling element, wherein the tissue coupling
element penetrates both the first and second portions of the sleeve at the overlapping
portion, and wherein the coupling head is positioned within one of the first and second

portions of the sleeve at the overlapping portion.

98.  The apparatus according to claim 97, wherein the overlapping portion has a length

of between 5 and 60 mm.

99.  The apparatus according to claim 97, wherein the contracting member does not
extend along the first portion of the sleeve, and does not extend along the second portion

of the sleeve.
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100. The apparatus according to claim 84, wherein the contracting mechanism
comprises a housing and a rotatable structure positioned within the housing, which
housing is disposed at the first site of the sleeve, and wherein the rotatable structure and
the longitudinal contracting member are arranged such that rotation of the rotatable
structure applies the longitudinal contracting force only between the first and the second

sites.

101.  The apparatus according to claim 84, wherein at least three of the tissue anchors
arc coupled to the sleeve alongside the contracting member, longitudinally between the

first and second sites, exclusive.

102.  The apparatus according to claim 84, wherein the sleeve is substantially

longitudinally non-extensible.

103.  Apparatus comprising an implantable structure, which comprises:
a flexible sleeve, which comprises a plurality of radiopaque markers, positioned
along the sleeve at respective longitudinal sites; and

a plurality of tissue anchors, which are configured to be coupled to the sleeve.

104.  The apparatus according to claim 103, wherein the radiopaque markers comprise a

radiopaque ink.

105.  The apparatus according to claim 103, wherein at least three of the radiopaque

markers are longitudinally spaced at a constant interval,

106.  The apparatus according to claim 103, wherein at least three of the anchors are

coupled to the sleeve, longitudinally spaced at the constant interval.

107.  The apparatus according to any one of claims 103-106,

wherein the radiopaque markers have respective edges selected from the group
consisting of: respective proximal edges, and respective distal edges,

wherein the radiopaque markers comprise first, second, and third radiopaque
markers, which first and second markers are adjacent, and which second and third markers
are adjacent, and

wherein a first longitudinal distance between the selected edge of the first marker
and the selected edge of the second marker equals a second longitudinal distance between

the selected edge of the second marker and the selected edge of the first marker.
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108.  The apparatus according to claim 107, wherein the anchors comprise first, second,
and third anchors, which first and second anchors are adjacently coupled to the sleeve
with the first longitudinal distance therebetween, and which second and third anchors are

adjacently coupled to the sleeve with the second longitudinal distance therebetween.

109.  The apparatus according to either claim 84 or claim 103, wherein the implantable
structure comprises an annuloplasty ring, which is configured to be implanted along an
annulus of an atrioventricular valve of a subject, and to contract the annulus as the sleeve

is longitudinally contracted.

110. The apparatus according to either claim 84 or claim 103, further comprising a

prosthetic heart valve, which is configured to be coupled to the sleeve.

111.  Apparatus, comprising:
an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure comprising:
a sleeve having a lumen and at least one end, the at least one end being
shaped so as to define an opening; and
a closure element disposed in a vicinity of the at least one end, the closure
element being configured to faciiitate closure of the opening; and
a contracting mechanism coupled to the implant structure and configured to

contract at least a contraction-facilitated portion of the implant structure.

112.  The apparatus according to claim 111, wherein the closure element comprises a
plug.

113.  The apparatus according to claim 111, wherein the implant structure has a length

of between 50 mm and 150 mm.

114. The apparatus according to claim 111, wherein the implant structure has a

diameter of between 1 mm and 10 mm.

115.  The apparatus according to claim 111, wherein the apparatus is configured to be
implanted along an annulus of a mitral valve of the patient in a manner in which the

implant structure is formed into at least a portion of an annuloplasty ring.

116. The apparatus according to any one of claims 111-115, wherein the closure
element comprises a closure mechanism that comprises one or more strips coupled to the

sleeve in the vicinity of the at least one end of the sleeve, and wherein the one or more
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strips have a tendency to be in a closed state in which the one or more strips close around

at least a portion of the opening.

117. The apparatus according to claim 116, further comprising a delivery tool
advanceable within the lumen of the sleeve through the opening, wherein the tool is
configured to expand the one or more strips while advanceable within the lumen of the
sleeve and to facilitate positioning of the one or more strips in the closed state when

removed from within the lumen of the sleeve.

118. The apparatus according to any one of claims 111-115, further comprising a
contracting member coupled to the sleeve and facilitates contraction of the contraction-
facilitated portion of the implant structure, the contracting member having a first portion

thereof that is coupled to the contracting element.

119.  The apparatus according to claim 118, wherein the contracting member is threaded
through the sleeve one or more times to facilitate generally-even contraction of the

mmplant structure.

120.  The apparatus according to claim 118, further comprising one or more contraction-
restricting elements coupled to at least a contraction-restricted portion of the implant
structure, the one or more contraction-restricting elements being configured to restrict
contraction of at least the contraction-restricted portion of the implant structure beyond a

predetermined amount.

121. The apparatus according to claim 120, wherein the one or more contraction-

restricting elements is coupled to an outer surface of the implant structure.

122.  The apparatus according to claim 120, wherein each one of the ome or more
contraction-restricting elements comprises a segment having at least a portion thereof that

is non-compressible along a longitudinal axis of the segment.

123.  The apparatus according to claim 122, wherein at least one of the contraction-
restricting elements is disposed adjacently to one or more contraction-facilitated elements
that are compressible along the longitudinal axis of the segment and facilitate contraction
of respective portions of the implant structure in vicinities of the one or more contraction-

facilitating elements.

124, The apparatus according to claim 122, wherein each one of the contraction

restricting-elements is configured to restrict contraction of the contraction-restricted

141



WO 2012/176195 PCT/IL2012/000250

10

15

20

25

30

portion of the implant structure while facilitating radial movement of the contraction-

restricted portion of the implant structure.

125.  The apparatus according to claim 122, wherein at Ieast one of the contraction-
restricting elements comprises a coiled element, and wherein at least a portion of the

coiled element is non-compressible.

126. The apparatus according to claim 125, wherein the coiled element comprises a
shape-memory material and is configured to be generally straightened from a coiled state

during delivery of the implant structure to an implantation site of a body of the patient.

127.  The apparatus according to claim 125, wherein the coiled element comprises an

elongate coiled element disposed within the lumen of the sleeve.

128.  The apparatus according to claim 125, wherein the coiled element comprises an
elongate coiled element that is coupled to a portion of an outer surface of the sleeve and is

disposed alongside the portion of the outer surface of the sleeve.

129. The apparatus according to claim 122, wherein the implant is configured for
implantation along a native annulus of the native atrioventricular valve of the patient in a
manner in which the contraction-restricted portion of the implant structure is disposed
along a portion of the annulus at a posterior leaflet of the valve, and wherein the

contraction-restricting element is coupled to the contraction-restricted portion.

130.  The apparatus according to claim 129, wherein the contraction restriction-element
is configured to restrict contraction of the coniraction-restricted portion while facilitating

radial movement of the contraction-restricted portion.

131.  The apparatus according to claim 120, wherein:

the closure element comprises at least one end flap that is disposed at the at least
one end of the sleeve, and

the first portion of the contracting member is coupled to the end flap in a manner
in which, in response to at least initial actuation of the contracting mechanism, the
contracting member draws the end flap at least partially over the opening at the at least

one end of the sleeve.

132. The apparatus according to claim 131, wherein the one or more contraction-

restricting elements each have a length of between 3 and 120 mm.

133.  The apparatus according to claim 131, wherein:
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the one or more contraction-restricting elements are coupled to the contracting
member in a vicinity of the first portion thereof,

the one or more contraction-restricting elements are disposed along the implant
structure at a distance of between 3 and 45 mm from the at least one end of the sleeve,

the contraction-restricted portion of the implant structure is between 3 and 45 mm
from the at least one end of the sleeve, and

the one or more contraction-restricting elements are configured to restrict
contraction of the contraction-restricted portion of the implant structure during contraction

of a remaining portion of the implant structure by the contracting member.

134. The apparatus according to claim 133, wherein the contracting mechanism is
disposed at a first portion of the implant structure, and wherein the contracting member
extends along the implant structure from the first portion thereof to the at least one end of

the sleeve.

135. The apparatus according to claim 134, wherein the one or more contraction-
restricting elements are disposed in a vicinity of the at least one end of the sleeve, and
wherein the contracting member is looped through a portion of the flap and extends back

toward the one or more contraction-restricting elements.

136. The apparatus according to claim 135, wherein the contracting mechanism
comprises a rotatable structure, and wherein the actuation comprises rotation of the
rotatable structure in a first rotational direction in order to actuate the contracting member

to draw the flap over the opening.

137. The apparatus according to claim 136, wherein in response to rotation of the
rotatable structure in a second rotational direction that is opposite the first rotational
direction, the contracting member draws the end flap at least partially away from the

opening at the at Jeast one end of the sleeve.

138.  The apparatus according to claim 118, wherein:
the at least one end of the sleeve defines a first free end of the implant structure,
the implant structure is shaped so as to define a second free end,
the apparatus is configured to be implanted along an annulus of an atrioventricular
valve of the patient, and
in response to actuation of the contracting mechanism, the first and second free

ends of the implant structure are drawn toward one another.
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139.  The apparatus according to claim 138, wherein the apparatus is configured to be
implanted along an annulus of a mitral valve of the patient,

the first end of the implant structure is configured to be coupled to a first location
along the annulus in a vicinity of a first trigone adjacent to the mitral valve, and

the second end of the implant structure is configured to be coupled to a second

location along the annulus in 2 vicinity of a second trigone adjacent to the mitral valve.

140. The apparatus according to claim 118, wherein the coniracting mechanism
comprises a rotatable structure, and wherein the actuation comprises rotation of the

rotatable structure in a first rotational direction to contract the implant structure.

141.  The apparatus according to claim 140, wherein in response to rotation of the
rotatable structure in a second rotational direction that is opposite the first rotational

direction, the contracting member expands the implant structure.

142.  The apparatus according to claim 140, wherein in response to rotation of the
rotatable structure in a first rotational direction, successive portions of the contracting
member advance in a first advancement direction with respect to the rotatable structure

and contact the rotatable structure.

143.  The apparatus according to claim 142, wherein the rotatable structure comprises a
spool, and wherein, in response to the rotation of the spool in the first rotational direction,

the contracting member is configured to be wound around the spool.

144. The apparatus according to claim 142, wherein, in response i0 continued
advancement of the contracting member in the first advancement direction by continued
rotation of the rotatable structure in the first rotational direction, the at least one end of the

sleeve is pulled toward the contracting mechanism.

145.  The apparatus according to claim 144, wherein:

the implant structure is configured to be implanted along an annulus of a mitral
valve of the patient,

the contracting member is configured to contract the implant structure in response
to the rotation of the rotatable structure in the first rotational direction, and

the implant structure is configured to contract the anmulus in response to the

contraction of the implant structure.

146. The apparatus according to claim 144, wherein the successive portions of the

contracting member are configured to be advanced in a second advancement direction
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with respect to the rotatable structure and thereby to facilitate expansion of the implant
structure in response to rotation of the rotatable structure in a second rotational direction,
the second rotational direction being opposite the first rotational direction, and the second

advancement direction being opposite the first advancement direction.

147.  The apparatus according to claim 140, wherein:
the rotatable structure has a first end shaped to define a first opening, and a second
end shaped to define a second opening, the rotatable structure being shaped to define a

channel extending from the first opening to the second opening, the channel being

~ configured for passage therethrough of an elongate tool, and

the second end of the rotatable structure has a lower surface thereof shaped to

define one or more recesses.

148.  The apparatus according to claim 147, further comprising a mechanical element
having a planar surface coupled to the lower surface of the rotatable structure, the
mechanical element being shaped to provide:

a protrusion protruding out of a plane of the planar surface of the
mechanical element, the protrusion being disposed within one of the recesses
during a resting state of the mechanical element, in a manner that restricts rotation
of the rotatable structure, and

a depressible portion coupled to the protrusion, the depressible portion
being disposed in communication with the second opening of the lower surface,
and configured to dislodge the protrusion from within the recess in response to a

force applied thereto by the elongate tool.

149.  The apparatus according to any one of claims 111-115, further comprising:

one or more tissue anchors; and

a deployment manipulator tube, which is configured to be removably positioned at
least partially within the lumen of the sleeve, such that the deployment manipulator tube
extends out of the at least one end of the sleeve; and

an anchor driver which is reversibly coupleable to the one or more tissue anchors
and which is configured to be at least partially positioned within the deployment
manipulator tube, and, while so positioned, to deploy the one or more tissue anchors

through a wall of the sleeve.
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150. The apparatus according to claim 149, wherein the anchor driver is deflectable
within the sleeve of the implant structure, and wherein the apparatus further comprises
one or more stiffening elements, the one or more stiffening elements being threaded
through one or more portions of the sleeve in order to maintain relative positioning of the
manipulator tube relative to the implant structure during deflection of the anchor driver

within the sleeve.

151.  The apparatus according to claim 150, wherein the manipulator tube is deflectable
within the sleeve of the implant structure, and wherein the one or more stiffening elements
are configured to maintain relative positioning of the implant structure relative to the

manipulator tube during deflection of the manipulator tube.

152.  The apparatus according to claim 149, further comprising a implant-advancement
tube, which is configured to pass over a portion of the deployment manipulator tube, such
that a distal end of the implant-advancement tube is in contact with the at least one end of

the sleeve.

153.  The apparatus according claim 152, wherein the distal end of the implant-

advancement tube is removably coupled to the at least one end of the sleeve.

154.  The apparatus according to claim 153, wherein the implani-advancement tube
comprises one or more coupling elements, which are configured to removably couple the

distal end of the implant-advancement tube to the at least one end of the sleeve.

155.  The apparatus according to claim 154, wherein the apparatus is configured such
that:

when the deployment manipulator tube is positioned within the lumen of the
sleeve, the deployment manipulator tube causes the coupling clements to engage the
sleeve, thereby removably coupling the distal end of the implant-advancement tube to the
at least one end of the sleeve, and

when the deployment manipulator tube is withdrawn from the sleeve, the coupling
elements disengage from the sleeve, thereby decoupling the distal end of the implant-

advancement tube from the at least one end of the sleeve.

156. The apparatus according to claim 155, wherein the coupling elements are
configured to have a natural tendency to flex inwards toward a central longitudinal axis of
the sleeve that passes through the at least one end of the sleeve, and wherein the

deployment manipulator tube, when positioned within the lumen of the sleeve, pushes the
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coupling elements outwards away from the longitudinal axis, thereby causing the coupling

elements to engage the sleeve.

157.  Apparatus, comprising:
an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure comprising:
a sleeve having a lumen and at least one end, the at least one end being
shaped so as to define an opening; and
a closure element disposed in a vicinity of the at least one end, the closure
element being configured to facilitate closure of the opening; and
an anchor delivery tool advanceable through the opening and within the lumen of

the sleeve when the closure element does not facilitate closure of the opening.

158.  Apparatus, comprising:
an implant structure configured to treat a native atrioventricular valve of a patient,
the implant structure having a length of between 50 mm and 150 mm and a diameter of
between 1 mm and 10 mm, the implant structure comprising:
a sleeve having a lumen and at least one end, the at least one end being
shaped 50 as to define an opening; and
a closure element disposed in a vicinity of the at least one end, the closure

element being configured to facilitate closure of the opening.

159.  Apparatus comprising an implantable structure, which comprises:

a flexible sleeve, having first and second sleeve ends; and

a contracting assembly, which is configured to longitudinal contract the sleeve,
and which comprises:

a contracting mechanism;

a first longitudinal contracting member, which has first and second
member ends, and a first member end portion, which extends from the first
member end toward the second member end along only a longitudinal portion of
the first contracting member; and

a second longitudinal contracting member, which has first and second
member ends, and a first member end portion, which extends from the first
member end toward the second member end along only a longitudinal portion of

the second contracting member; and
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wherein (a) the first member end of the first contracting member and the first
member end of the second contracting member are coupled to the contracting mechanism,
(b) the second member end of the first longitudinal contracting member is coupled to the
sleeve at a first site that is a first longitudinal distance from the first sleeve end, and (c) the
second member end of the second longitudinal contracting member is coupled to the
sleeve at a second site that is a second longitudinal distance from the second sleeve end,

wherein the contracting mechanism is disposed at a third site of the sleeve that is
longitudinally between the first and second sites, exclusive, and

wherein the first and second longitudinal distances are measured when the sleeve
is in a straight, relaxed, non-contracted state, and at least one of the first and second

longitudinal distances, taken separately, is at least 5 mm.

160. The apparatus according to claim 159, wherein the implantable structure further
comprises a plurality of tissue anchors, one or more of which are coupled to the sleeve at
respective fourth sites selected from the group of sites consisting of: one or more sites
longitudinally between the first site and the first sleeve end, exclusive, and one or more

sites longitudinally between the second site and the second sleeve end, exclusive.

161.  The apparatus according to claim 160, wherein at least three of the tissue anchors
are coupled to the sleeve alongside the contracting member, longitudinally between the

first and second sites, exclusive.

162. The apparatus according to claim 159, wherein each of the first and second

longitudinal distances is at least 5 mm.

163. The apparatus according to claim 159, wherein one of the first and second
longitudinal distances is at least 5 mm, and the other of the first and second longitudinal

distances is less than 5 mm.

164. The apparatus according to claim 163, wherein the other of the first and second

longitudinal distances is equal to 0 mm.

165.  The apparatus according to any one of claims 159-164, wherein the contracting
mechanism comprises a housing and a rotatable structure positioned within the housing,
which housing is disposed at the third site of the sleeve, and wherein the rotatable
structure and the longitudinal contracting member are arranged such that rotation of the

rotatable structure longitudinally contracts the sleeve.
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166.  The apparatus according to any one of claims 159-164, wherein each of the first

and second longitudinal contracting members comprises at least one wire.

167.  Apparatus comprising an implantable structure, which comprises:
a flexible sleeve, having first and second sleeve ends; and
a contracting assembly, which is configured to longitudinally contract the sleeve,
and which comprises:
a contracting mechanism, which is disposed at a first site of the sleeve; and
a longitudinal contracting member, having (a) a first member end, (b) a
second member end, which is coupled to the sleeve longitudinally at a second site
longitudinally between the first site and the second sleeve end, exclusive, and (c) a
first member end portion, which (i) extends from the first member end toward the
second member end along only a longitudinal portion of the contracting member,
and (ii) is coupled to the contracting mechanism,
wherein a first portion of the sleeve longitudinally extends from the first sleeve
end toward the first site, and a second portion of the sleeve longitudinally extends from
the second sleeve end toward the second site,
wherein the sleeve is arranged in a closed loop, such that the first and second
portions of the sleeve together define a longitudinally overlapping portion of the sleeve,
and
wherein the implantable structure is configured such that the contracting assembly
applies a longitudinal contracting force only between the first and the second sites, and

not along the overlapping portion.

168.  The apparatus according to claim 167, wherein the implantable structure further
comprises a plurality of tissue anchors, at least one of which penetrates both the first and

second portions of the sleeve at the overlapping portion.

169. The apparatus according to claim 168, wherein the at least one of the tissue
anchors comprises a coupling head and a tissue coupling element, wherein the tissue
coupling clement penetrates both the first and second portions of the sleeve at the
overlapping portion, and wherein the coupling head is positioned within one of the first

and second portions of the sleeve at the overlapping portion.

170. The apparatus according to claim 168, wherein the plurality of tissue anchors

comprises:
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a plurality of first tissue anchors of a first configuration, coupled to the sleeve at
intervals along a first longitudinally-contiguous portion of the loop; and

a plurality of second tissue anchors of a second configuration different from the
first configuration, coupled to the sleeve at intervals along a second longitudinally-
contiguous portion of the loop different from the first longitudinally-contiguous portion,
which second longitudinally contiguous portion includes the longitudinally overlapping

portion.

171.  The apparatus according to claim 167, wherein the overlapping portion has a

length of between 5 and 60 mm.

172, The apparatus according to claim 167, wherein the contracting member does not
extend along the first portion of the sleeve, and does not extend along the second portion

of the sleeve.

173.  The apparatus according to claim 167, wherein the first site is a first longitudinal
distance from the first sleeve end, wherein the second site is at a second longitudinal
distance from the second sleeve end, which first and second longitudinal distances are
measured when the sleeve is in a straight, relaxed, non-contracted state, and wherein at

least one of the first and second longitudinal distances, taken separately, is at least 18 mm.

174.  The apparatus according to any one of claims 167-173, wherein the contracting
mechanism comprises a housing and a rotatable structure positioned within the housing,
which housing is disposed at the first site of the sleeve, and wherein the rotatable structure
and the longitudinal contracting member are arranged such that rotation of the rotatable

structure longitudinally contracts the sleeve.

175.  The apparatus according to any one of claims 167-173, wherein at least three of
the tissue anchors are coupled to the sleeve alongside the conmtracting member,

longitudinally between the first and second sites, exclusive.

176. The apparatus according to any one of claims 167-173, wherein the sleeve is

substantially longitudinally non-extensible.

177.  Apparatus comprising an implantable structure, which comprises:
a flexible sleeve, arranged as a loop;
a plurality of first tissue anchors of a first configuration, coupled to the sleeve at

intervals along a first longitudinally-contiguous portion of the loop; and
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a plurality of second tissue anchors of a second configuration different from the
first configuration, coupled to the sleeve at intervals along a second longitudinally-

contiguous portion of the loop different from the first longitudinally-contiguous portion.

178.  The apparatus according to claim 177, wherein the first and second configurations

are different from each other in size.

179. The apparatus according to claim 178, wherein the first tissue anchors comprise
first coupling heads and first tissue coupling elements, respectively, wherein the second
tissue anchors comprise second coupling heads and second tissue coupling elements,
respectively, and wherein lengths of the first tissue coupling elements are greater than

lengths of the second tissue coupling elements.

180. The apparatus according to claim 179, wherein the implantable structure

comprises more first tissue anchors than second tissue anchors.

181. The apparatus according to claim 180, wherein the implantable structure

comprises at least twice as many first tissue anchors as second tissue anchors.

182. The apparatus according to claim 179, wherein the first and second tissue coupling
elements are shaped so as to define a shape selected from the group consisting of: a helix,
a spiral, and a screw shaft, and wherein the lengths of the first and second coupling

elements are measured along a longitudinal axis of the shape.

183. The apparatus according to claim 182, wherein each of the second tissue coupling

elements is shaped so as to define no more than two turns.

184.  The apparatus according to claim 177,

wherein the first tissue anchors comprise first coupling heads and first tissue
coupling elements, respectively, wherein the second tissue anchors comprise second
coupling heads and second tissue coupling elements, respectively,

wherein the first and second tissue coupling elements are shaped so as to define a
shape selected from the group consisting of: a helix, a spiral, and a screw shaft, and

wherein each of the second tissue coupling elements has fewer turns than does

each of the first tissue coupling elements.

185.  The apparatus according to claim 177, wherein each of the second tissue coupling

elements is selected from the group consisting of: a harpoon anchor, an anchor comprising
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spiked arms, a mesh shaped so as to define two discs, an anchor comprising a barbed

shaft.

186. The apparatus according to claim 177, wherein each of the second tissue coupling

elements comprises a suture.

187. The apparatus according to any one of claims 177-186, wherein the flexible sleeve

is shaped so as to define an integrally closed loop having no sleeve ends.

188.  The apparatus according to any one of claims 177-186, wherein the flexible sleeve
is shaped so as to define first and second sleeve ends, which are coupled to each other to

form the loop.

189. The apparatus according to claim 188, wherein the first and second sleeve ends are

coupled to each other at an overlapping portion.

190.  Apparatus comprising an implantable structure, which comprises:

a flexible sleeve, having first and second sleeve ends;

a contracting assembly, which is configured to longitudinally contract the sleeve;

an elongated linking member, having a first and second linking member ends,
which second linking member end comprises a first coupling element, wherein the linking
member is coupled to the sleeve such that (a) at least a portion of the linking member is
disposed within the sleeve, and (b) the first linking member end is longitudinally between
the second linking member end and the first sleeve end, exclusiv'e; and

a second coupling element, which is configured to be coupleable to the first
coupling element, and which is coupled to the implantable structure within 1.5 cm of the

first sleeve end, measured when the sleeve is fully longitudinally extended.

191. The apparatus according to claim 190, wherein the implantable structure further
comprises a plurality of tissue anchors, at least two of which are coupled to the sleeve at

respective, different longitudinal sites alongside the linking member.

192. The apparatus according to claim 190, wherein the contracting assembly
comprises a contracting mechanism and a longitudinal contracting member, and wherein

the contracting mechanism is coupled to the sleeve within 1.5 cm of the first sleeve end.

193. The apparatus according to claim 192, wherein the second coupling element is

coupled to the contracting mechanism.
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194. The apparatus according to claim 190, wherein the linking member is configured

as a spring.
195. The apparatus according to claim 194, wherein the linking member is curved.

196. The apparatus according to claim 190, wherein the linking member has a length of

between 2 and 6 cm.

197. The apparatus according to claim 190, wherein the linking member comprises

metal.
198. The apparatus according to claim 197, wherein the metal comprises Nitinol.

199. The apparatus according to claim 190, wherein the linking member is substantially

longitudinally non-extensible.

200. The apparatus according to claim 190, wherein at least 30% of a length of the

linking member is disposed within the sleeve.

201. The apparatus according to claim 190, wherein the flexible sleeve is a first flexible
sleeve, and wherein the implantable structure further comprises a second flexible sleeve,
and wherein at least 20% of a length of the linking member is disposed within the second

flexible sleeve.

202. The apparatus according to claim 190, wherein at least one of the first and second

coupling elements comprises a hook.

203. The apparatus according to claim 190, wherein at least one of the first and second

coupling elements comprises a loop.

204. The apparatus according to any one of claims 57, 84, 177, and 190, wherein the

longitudinal contracting member comprises at least one wire.

205. The apparatus according to any one of claims 57, 84, 177, and 190, wherein the
implantable structure further comprises one or more contraction-restriciing elements
coupled to at least a contraction-restricted portion of the implant structure, each of which
contraction-restricting elements comptises a coiled element, a portion of which i1s non-

compressible.

206. Apparatus, comprising:
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an implant structure that is contractible at least in part, the implant structure
comprising a sleeve, the sleeve having first and second end portions, respectively, and a
body portion that is between the first and second end portioﬁs;

a contracting member that extends along the body portion between the first and
second end portions of the sleeve, the contracting member having first and second end
portions, the first end portion of the contracting member being coupled to the sleeve in a
vicinity of the first end portion thereof, and the second end portion of the contracting
member being coupled to the sleeve in a vicinity of the second end portion thereof; and

at least one contraction-restricting element that is coupled to the sleeve and
configured to restrict contraction of a contraction-restricted portion of the implant
structure during contraction of a remaining portion of the implant structure by the
caontracting member,

the one or more contraction-restricting elements being coupled to the first end
portion of the contracting member and disposed along the implant structure at a distance
of between 3 and 45 mm from the first end of the sleeve,

the contraction-restricting element being configured {o restrict contraction of the
contraction-restricted portion of the implant structure during contraction of a remaining

portion of the implant structure by the contracting member.

207. 'The apparatus according to claim 206, wherein the implant is configured for
implantation along a native annulus of a native atrioventricular valve in a manner in
which at least the contraction-restricted portion of the implant structure is disposed along
a portion of the annulus in a vicinity of a trigone of the valve, and wherein the

contraction-restriction element is coupled to the contraction-restricted portion.

208. The apparatus according to claim 206 or-claim 207, further comprising a
contracting mechanism coupled to the implant structure and configured to contract at least

a contraction-facilitated portion of the implant structure.

209. The apparatus according to claim 208, wherein the contracting mechanism is
disposed at a first portion of the implant structure, and wherein the contracting member

extends along the implant structure toward the second end of the sleeve.

210. Apparatus, comprising:
an annuloplasty structure configured for implantation along an annulus of an

atrioventricular valve of a heart of a subject, the structure comprising:
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a coiled element comprising:

at least one first portion thereof which is flexible and longitudinally
compressible; and

at least one second portion thereof in series with the first portion, the
second portion being flexible and less longitudinally compressible than the first

portion.

211. The apparatus according to claim 210, wherein the coiled element is shaped such
that a pitch of the coiled element at the second portion is smaller than a pitch of the coiled

element at the first portion.

212. The apparatus according to claim 210, wherein a radius of curvature at a center of
the first portion is smaller than a radius of curvature at a center of the second portion,

when no external force is applied to the annuloplasty structure.

213. The apparatus according to claim 210, wherein the annuloplasty structure

comprises an annuloplasty ring.

214. The apparatus according to claim 210, wherein the annuloplasty structure

comprises a partial annuloplasty ring.

215. The apparatus according to any one of claims 210-214, further comprising a
contraction-restricting element configured to be coupled to the second portion of the
coiled element, wherein the second portion is configured to be flexible and less
longitudinalty compressible than the first portion at least in part by virtue of the

contraction-restricting element being coupled thereto.

216. The apparatus according to claim 215, wherein the contraction-restricting element
comprises an element selected from the group consisting of: a suture, a staple, a ratchet

mechanism, and a bracket .

217. The apparatus according to any one of claims 210-214, wherein a total length of

the first portion comprises less than 50% of a resting length of the coiled clement.

218. The apparatus according to claim 217, wherein a total length of the first portion

comprises less than 30% of a resting length of the coiled element.

219. The apparatus according to any one of claims 210-214, wherein the valve includes
a native mitral valve of the subject, and wherein the structure is configured for

implantation along a native annulus of the native mitral valve in a manner in which at
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least the second portion of the implant structure is disposed along a portion of the annulus

at a posterior leaflet of the valve.

220. The apparatus according to claim 219, wherein the second portion is configured to
restrict contraction of the second portion while facilitating radial movement of the second

portion of the implant structure.
221. The apparatus according to any one of claims 210-214,

wherein the atrioventricular valve includes a mitral valve,
wherein the coiled element comprises a plurality of second portions, and
wherein the annuloplasty structure is configured for implantation along the
anpulus in a manner in which:
a first one of the second portions is configured to be coupled to the annulus
in a vicinity of a left trigone adjacent to the mitral valve, and
a second ome of the second portions is configured to be coupled to the

annulus in a vicinity of a right trigone adjacent to the mitral valve.

222. The apparatus according to claim 221, wherein the combined length of the first

and second of the second postions is 10-50 mm.

223. The apparatus according to claim 221, wherein the annuloplasty structure is
configured for implantation along the annulus in a manner in which a third one of the
second portions is disposed along a portion of the annulus at a postetior leaflet of the

valve,

224. The apparatus according to claim 223, wherein a length of the third one of the

second portions is 3-120 mm.

225. The apparatus according to claim 223, wherein a length of the third one of the

second portions comprises more than 20% of a resting length of the coiled element.

226. The apparatus according to any one of claims 210-214, wherein the annuloplasty
structure comprises:

a sleeve, the sleeve having first and second end portions, respectively, and a body
portion that is between the first and second end portions; and

a contracting member that extends along the body portion between the first and
second end portions 'of the slecve, the contracting member having first and second end

portions, the first end portion of the contracting member being coupled to the sleeve in a
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vicinity of the first end portion thereof, and the second end portion of the contracting
member being coupled to the sleeve in a vicinity of the second end portion thereof,

wherein the coiled element is configured to be coupled to the sleeve.

227. The apparatus according to claim 226, wherein the annuloplasty structure has a

length of between 50 mm and 150 mm.

228. The apparatus according to claim 226, wherein the annuloplasty structure has a

diameter of between 1 mm and 10 mm.

229. The apparatus according to claim 226, wherein the annuloplasty structure is
configured to be implanted along an annulus of a mitral valve of the subject in a manner
in which the annuloplasty structure is formed into at least a portion of an annuloplasty

ring,

230. The apparatus according to claim 226, wherein the annuloplasty structure
comprises a partial annuloplasty ring having first and second free ends, the first end of the
sleeve defining the first free end of the partial annuloplasty ring, and the second end of the

sleeve defining the second free end of the partial annuloplasty ring.

231. The apparatus according to claim 226, wherein the coiled element comprises a
shape-memory material and is configured to be generally straightened from a coiled state
during delivery of the annuloplasty structure to an implantation site of a body of the

subject.

232. The apparatus according to claim 226, wherein the sleeve defines a lumen, and
wherein the coiled element comprises an elongate coiled element disposed within the

lumen of the sleeve.

233. The apparatus according to claim 226, wherein the coiled element comprises an
elongate coiled element that is configured to be coupled to a portion of an outer surface of

the sleeve and rest alongside the portion of the outer surface of the sleeve.
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